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FOREWORD

Results of several in-house and contracted efforts are reported in

this document. In-house efforts were conducted and contracted support

efforts sponsored by the Crew Escape and Subsystems Branch of the Vehicle

Equipment Division, Flight Dynamics Laboratory, which is a part of the

Air Force Wright Aeronautical Laboratories (AFWAL), Wright-Patterson

AFB, Ohio.

Early contracted efforts for developing Kevlar-29 textiles were

sponsored by the AFWAL Materials Laboratory. Albany International, Inc.

(formerly Fabrics Research Laboratory), Dedham, Massachusetts, was
responsible under contract to develop woven, twisted, and braided

materials.

"Woven materials for test item fabrication were produced by the Bally

Ribbon Mills, Bally, Pennsylvania, and braided coreless cords were

produced principally by FWF Industries, Essex, Connecticut.

Parachute test items were fabricated, under contract, by the

M. Steinthal Company, Roxboro, North Carolina, and in-house by the

Air Force 4950th Survival Equipment Shop at Wright-Patterson AFB, Ohio.

Parachute drop testing was conducted by the Air Force 6S11th Test

Squadron at the DOD Joint Parachute Test Facility at El Centro, California

and Edwards AFa, California. Rocket powered sled testing was conducted

at HIollowan AFS by the 6585th Test Group.

The author wishes to acknowledge and thank all of the military and

civilian employees, and contractor personnel who participited in the
efforts contributing to the reported results.
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SECTION I

INTRODUCTION AND SUMMARY

Yarns of intermediate modulus para-aramid fiber are currently being

produced and marketed by E. I. DuPont deNemours and Company under the trade

name "Kevlar-29". High strength, low weight, and retention of strength at

temperatures which burn or melt current conventional materials are proDerties

which make woven textiles, threads, and cords based on this fiber of interest

to aerodynamic decelerator systems designers. Kevlar-29 textile materials

developed under Air Force Wright Aeronautical Laboratories (AFWAL)

sponsorship are discussed in this report. Development of additional

materials has been accomplished by other government agencies and private

industry for this and other specialized applications.

Given a set of details describing a parachute application, the designer

can utilize existing literature (Reference 1) to determine the appropriate

parachute type, size, staging, and geometry. Within the realm of Kevlar-29

materials (largely narrow fabrics and cords) developed during AFWAL programs,

and within the scope of Flight Dynamics Laboratory (FOL) Kevlar-29 parachute

design, fabrication, and testing experience, this document treats design

problems related to ribbon parachutes.

Parachute component strengths can be obtained using the relatlonships

presented in Section VI as a first iteration and the structure subsequently

= refined as desired through application of more rigorous computerized methods

of structural analysis (References 2 and 3) or through a series of drop.

wind tunnel, or sled tests. As an example. Appendix D contains the details

for a 15.3 ft. 20 degree conical parachute which was the result of FO.

efforts to design, fabricate, and demonstrate the feasibility of an all

Kevlar-29 drag parachute for a Mid Air Recovery System (MARS) to be used

for recovery cf remotely piloted vehicles. Previous MARS systems

incorporated a nylon deag pirachute which was pressure packed at

- ,7
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relative high density and which limited the deployment envelope and vehicle

weight range by its size and structural capability. Development of the

Kevlar-29 MARS drag parachute through several iterations and tests is

reported in Reference 4.

Performance of 15.3 ft Kevlar-29, 20 degree conical continuous ribbon

parachutes with two stage reefing is presented and discussed. Test data

for 19 drops from aircraft and 19 rocket powered sled runs are reported.

An important facet of the technology necessary to apply Kevlar-29

textiles to decelerator systems is tensile testing of materials. Tensile

testing techniques and apparatus applicable to other textiles often produce

misleading or unacceptable results for Kevlar-29 materials )r joint samples.

Section III and Appendices B and C treat this area.

Kevlar-29 textile materials can be successfully applied to various

decelerator system components including risers, suspension lines, reefing

lines, deployment bags, and geometric porosity type parachutes where unit

canopy tensile loading is greater than 200 pounds per inch.

While existing Kevlar-Z9 textile materials developed for decelerator

system application are generally applicable, the nonavailability of yarns

smaller than 200 denier imposes important limitations when desired material

strengths less than 200 pounds per inch of width are required.

High joint efficiency (80 to 90 percent of base material strength)

cin be obtained in Kevlar-29 materials joint construction based on unidiree-

tional tensile testing. Some materials combinations may require several

iterations of thread size, stitching patterns. and joint arratgement to

obtain efficiencies at these levels,

'7 -*
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SECTION II

MATERIALS DEVELOPMENT

Efforts to develop Kevlar-29 textile materials for decelerators were
sponsored initially by the Materials Laboratory and later by the Flight
Dynamics Laboratory (both currently part of AFWAL). All of the materials
developed were based on yarns supvlied by the DuPont Company. Initially

two para-aramid fibers, Kevalar-29 and Kevlar-49 were considered. Fiber
and yarn properties were investigated and results published in Reference 5.
Kevlar-49 which has higher tensile strength, lower rupture elongation,
and somewhat lower tensile impact performance (critical velocity) has been
primarily utilized in composite applications. Textile materials treated

in this document will be limited to those based on Kevlar-29 yarns.

1. KEVLAR-29 PROPERTIES

Kevlar-29 is an attractive basic fiber for decele,-ator textile
materials due to its lightweight, high strength, low bulk, and strength
retention at elevated temperatures. Relative to nylon, Kevlar-29 fibers

offer 3 to 4 times the tenacity (rupture strength per yarn denier), and
retains approximately 60 percent of this tenacity (based on tests of single
yarns) at the melting temperature of nylon.

Other properties of Kevlar-29 limit the retention of yarn properties
wfien yarns are twisteo, braided or woven into textile material configurations

suitable for decelerator applications. Low rupture elongation (;S percent)
high tenwile modulus (z5O0 grams per denier) and low yield strain in com-
pression ( percent) result in translational efficiencies (i.e., ratio
of material strength to total warp yarn strength) in the 70 to 90 percent
range for woven fabrics while nearly I00 percent is often possible using

nylon yarns. These properties usually dictate material configurational
structwres which are considerably different from similar strength nylon

materials.
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2. THE ,oFLUENCE OF YARN AVAILABILITY

A serious limitation during the time this report was written is the
commercial nonavailability of a wide variety of yarn sizes. Currently

Kelvar-29 is available only in 200, 400, 1000 and 1500 denierI whereas

yarns of nylon and other lower modulus fibers are available in many sizes,

particularly in the range below 200 denier. In woven materials, non-

availability of small denier Kevlar yarn dictates tensile inefficiency
when yarn stability is required for good seamability or porosity control.

Utilizing the smallest Kevlar-2g yarn (200 denier) in a woven material

which must be stitched at joints dictates total strength in excess of

250 pounds per inch of width. When less than this strength is desired,

the number of warp yarns required for total strength results in warp yarn

spacing which yields "sleazy" fabric in which yarns are free to slip and

do not hold stitching effectively (Reference 6). When design strength

requirements are less than 250 pounds per inch of woven width, the utili-

zation of overstrength Kevlar-29 materials to obtain seaming efficiency

may compromise weight and volume benefits relative to utilizing materials

of other fibers (nylon, Dacron, Nomex, etc).

During AFWAL efforts to develop Kevlar-29 decelerator textiles, the

sole soiurce for Kevlar yarns (the DuPont Company) made changes in the

yarns commercially available. During the materials development effort

reported in Reference 6, yarns of all denier were supplied initially by

DuPont as rotoset yarns in which the filaments were lightly entangled at
periodic intervals to provide cohesion to the assembly. While most of

the narrow fabrics developed were accomplished with rotoset yarns, the

200 and 400 denier yarns supplied by DuPont near the end of the program

(durin'g 1977). and those currently supplied, are not rotoset. Cohesion

in these later yar.s is provided by A low-level twist refert-ed to as

producer's twist. Yarns of 10M0 and 1S00 denier continue to be supplied

in the rotoset configuration. Elimination of the rotoset configurations
did not appreciably chatne yarn tietngth. Mat,-rials developed with rototet

yarns which were subsequently produced usi.g yarn5 with prf4ucer's twist

IA SW~O awter length of oate det~ler yArn hat. a weight of one gram.l4

).
- njj J -
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generally exhibit the same properties. However, air permeability in

fabrics decreased when non-rotoset yarns were used to weave configurations

developed ustng rotoset yarns, and one weaving firm Vias iridicated that

weaving of non-rotoset yarns is made easier if low-level twist is added

to producer's twist in filling yarns.

3. SPECIFICATION MATERIALS

The materials listed in Tables I through 4 are those which have been

developed for and in m&ny cases used by the Materials Laboratory or the

Flight Dynamics Laboratory. Military Specifications (Reference 7, 8, 9,

and 10) have been written for these materials, most of which are included

in a previously published decelerator design guide (Reference 1).
Materials in the tables evolved through a process of trial constructions

leading to the desired tensile strengths. Most of the constructions tried

produced efficient materials which -esulted in tensile strengths higher

or lcwer than the desired specification target strength. Many of these

materials are included in Reference 6, and should be referred to when

materials between the strengths or efficiencies represented in the tables

of specification materials are desired.
I

a. Kevlar-29 Threads
Table 1 lists Military Specification (Reference 8) sewing threads

which were developed in diameters or sizes representative of coummon threads

based on other fibers. Resulting breaking strengths are of course much

higher in the Kevlar-29 threads. Sewing trials indicated that the threads

can be stitched with standard swinf. machines with only minor m4chine

adjustments, but that maladjustments may impose high stresses on machine

parts dwue to the strength of Kevlar-29 thre@d%.

Previcusly published (References I and 8) tables of specification

Kevlar-?l thread included sizt A. Although 5ite A thread waý developod.

the 100 dentier yair re•u•e4 was vAildble only in small quatities.

This thread should hot be co•sidered as an available 4pcificaion

waterial at this tiae.
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TABLE 1

SPECIFICATION KEVLAR-29 SEWING THREADS
(REFERENCE MIL-T-87128)

TWIST (2) LENGTH
(TURNS PER IN.) ER LB BREAKING

..IZE YARN SINGLE PLIED MIN ENGTH
(1) DENIER PLY YARNS YARNS (YARSSJ (LB.)

B 200 2 125 6Z 10,000 16

E 200 3 12S 6Q 6,700 25

F 200 4 19S 57 5,000 35

FF 400 3 8S 47 3,35D 60

3 400 5 i0S SZ 2,100 80

4 1000 3 7- 3.5Z 1,400 115

5 1000 4 7S 3.5Z 1,050 150

6 1500 3 6S 3Z 900 175

8 1500 5 5S ?.5• 550 225

N.OES:

(1) Thrad Sizes are Dimensioamlly Similar to Threads of

CoCvc:tiorn4l Fibers

(0i S and Z !rndicdte Twist in C,"%lte Virec. ons

j I
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TABLE 3

SPECIFICATION KEVLAR-29 TUBULAR
WEBBINL" (REFERENCE MIL-W-87127)

Weight Fill
Per Lin. Breaking Yarns

Width Yard Strength Warp Per Yarn Denier(in) (Oz) (Lb Min) Yarns Inch (5)

Type (1) (2) (3) (4) (4) Warp Fill

1 1/2 .28k 1250 39 40 1000 1000

II 9/16 .25* 1500 45 34 1000 1000

Il1 9/16 32* 200C 41 27 1500 1000

IV 3/4 .48* 2800 59 27 1500 1500

1 68* 3500 81 27 1500 1500

NOTES:

(1) Width tolerance ±1/16 inch

(2) Table weights approximately 10 percent greater than measured samples

(3) Table strengths approximately 10 percent less than measured samples

(4) All yarns single ply - half of ends on each side of flattenee tube

(5) Twist - Warp yarns 1,000 denier 4 turns per inch. 1500 denier -

3 turns per inch

Fill yarns zerm or producer's twist

•lndicates addltions or changes to previously published quantities based
on eiperient.e in obtaining prouduý.tion quantities, using materials, ani
demoastrated variances =mong weavers.

(1

V.
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TABLE 4

SPECIFICATION KEVLAR-29 CORELES
CORD (REFERENCE MIL-C-871 29)

Yarn Minimum
Twist Picks Length

Breaking Carriers Yarn (Turns Per Per Per Lb
Strength (1 End Per Yarn Plies Inch) Inch (Ft.)

Type (Lb Min) Carrier) Denier Per End (1) (2) (3)

1 35 4 200 1 5 9 13500

II 70 8 200 1 5 18 6500

11I 125 8 400 1 5 12 3200

(4) 250 16 400 1 5 14 1800

IV 400 16 200 3 2.5 15 1100

V 600 16 1000 1 4 12.5 720

VI 750 16 1500 1 3 10.5 430

VII 1000 16 1000 2 2.1 10 338

VIII 1500 16 1500 2 1.8 8 203

IX 2000 16 1500 3 1 6.5 135

(4) 2600 16 1500 4 1 9 110

x 3soo 16 1S00 6 1 5.5 70

XI S000 24 1500 5 1 Ss 60
XII 6500 1500 6 1 4

NOTES
(1) Half of carrier's S twist. half Z twist, When plied yarns are used

value ihohl is for ply twst with single yarns at zepo or producer's twitt.

(2) Picks per inc:h determined by the ratio o•f the rate at which braid is
drawn off the braiding tahite to the revolution speed of Yarn carrier%.

(3) .4inlmuv length per pou-d numtbers repreient apPFaiflAtey 10 pefrtefi lef
than mlilmum length% Indicated by actual %ample feadsureatents.

(4) Cordý, developed tubtiequent to printiog of M411-C -871M~

I1
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Finishes of polyvinyl butyral (Reference 8) and finishes which were

proprietary to thread manufacturers were tried with good stitching success.

Thread without finish was also demonstrated as sewable in a limited range

of sizes and conditions.

b. Kevlar-29 Tape and Webbing

Table 2 lists tape and webbings developed as specification

materials. This compilation includes the inforv'ation current at the time
of this writing. Asterisks in the table indicate additions or changes (to

previously published values) which are based on experience in obtaining

production quantities, using materials, and demonstrated variances among

weavers. The Type XI, Class 3 (and to some extent Class 5), two-inch wide

ribbons exhibit yarn migration and general sleaziness and should not be

generally used in applications where ribbon free lengths flutter or where

stitched intersections are heavily loaded. A suitable coating for stabilizing

the structure of these materials has not been developed 'Reference 6).

Further discussion of the utilization of Type XI Class 3 and 5 materials is

contained in Section V.

c. Kevlar-29 Tubular Webbing

Table 3 contains five tabular webbings which are woven as flat

tubes with half of warp and fill yarns located on each side.

d. Kevlar-29 Coreless Cord

A 2.600 lb cord (marked in Table 4 by an asterisk) has been added.

To the previously published list of specification corelesv cords Reference

6 and 9. Also changed have been the length per pound values which are

approximately 1M percent under those indicated in the development experience.

Picks per inch as represented in the table, reflect the ratio of braiding

uachine carrier and take-off speeds as (opgwsed to actual count per linear

didmfiston along the cord axis.

14
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e. Kevlar-29 Broad Fabric

Although the major emphasis of the AFWAL material development
efforts addressed narrow fabrics, two broad fabrics were developed to the

Military Specification stage for application as decelerator system materials

but a final specification has not been written. Appendix A contains a

draft specification for the two fabrics developed. Both fabrics are woven

from 200 denier rotoset Kevlar-29 yarns. The air permeability of both

fabrics is in the range from 50 to 90 cubic feet per minute per square

foot at .5 inches of water differential pressure. Type I fabric has a

tensile strength of 350 pounds per inch in both the warp and fill directions

while Type II has a warp strength of 230 pounds per inch and a fill strength

of 220 pounds per inch. Weaving arrangements and configurational trials

leading to these two fabrics are contained in Reference 6.

Broad fabric for fabricating deployment bags and other accessories

is comnercially available in tight seamable weaves and were not addressed

by the scope of the AFWAL materials development efforts.

(.7
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SECTION III

TENSILE TESTING OF KEVLAR-29 MATERIALS

Determination of the tensile rupture or breaking strength of Kevlar-29

textile materials often dictates apparatus and testing technique which

differs substantially from conventional testing practice as applied to

materials based on lower modulus, higher elongation fibers, like nylon

and polyester. Early tensile testing efforts revealed problems related

to incomplete rupture of all load bearing yarns, nonsimultaneous failure

of load bearing yarns and high incidence of failures which occur at the

terminating test apparatus or jaws.

1. NARROW FABRIC

Tensile testing of woven narrow fabrics was the subject of a FDL

sponsored effort (Reference 12) which resulted in a tensile test specimen

terminating apparatus or jaw suitable for Kevlar-29 materials testing.

Appendix B contains details of this apparatus and the technique for

performing tensile testing. Jaws described in sketches cf Appendix B

should be limited to loads under 20,000 pounds. Redesign involving more

strength in side platesý could be accomplished to extend the tensile limit.

Low elongation of Kevlar-29 yarns dictate particular care in loading tensile

specinens in jaws. Tensile testing crosshead speeds (speed at which jaws

separate) in the range from .5 to 12 inches per minute have minimal effect

uo rupture strength of most Kevlar-29 materials. Uneven tensions in the

warp yarns, damage to yarns in the weaving process, and other weaving

defects can have drastic effect5 on breaking strengths. Variation in

test results for woven nArrow fabrics when testing is properly conducted
and when test materi I is free of gross defects h~s beer small. Reference

12 results indicate a coefficient of variation (100 times the standar4

*devidtion divided by the a.verage breaking strength) less th4n 5,0 percent

for 7 difftrent Kevlar-24 constructions in a nomindl strength range from
Z50 to lS.U3O0 paunds.

-- a -a
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2. CORELESS CORD

Meaningful tensile testing of coreless Kevlar-29 cords demands special

attention. Special wrapping techniques must be utilized with split capstan

or pin jaws (Reference 12 and Appendix C) to yield meaningful results.

An in-house FOL program to demonstrate apparatus and technique for tensile

testing Kevlar-29 cord is described in Appendix C. The program results

indicate that a simple pin through formed eye splices at the ends of tensile

specimens is also an acceptable apparatus for testing coreless cords.

3. BROAD FABRIC

The tensile strength of broad fabrics can be established by testing

ravel strips of the fabric in the pin jaw configuration developed in

Reference 12 and described in Appendix B.

I 17
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SECTION IV

KEVLAR-29 PARACHUTE TESTING EXPERIENCE AND RESULTS

1. PREVIOUSLY REPORTED TESTING

The Flight Dynamics Laboratory has been involved in the application

of Kevlar-29 textile materials to deceleration and recovery systems jver the

past eight years (1972-1980). This involvement has included wind tunnel,

sled and free flitht testing over extremely wide ranges of Mach number,

dynamic pressure, loading and velocity. The earliest FOL Kevlar testing

included transonic wind tunnel testing to establish feasibility of the

basic material and is reported in References 13 and 14. After further

development of Kevlar-29 decelerator textiles, more transonic wind tunnel

testing was conducted generating data necessary to make comparisons

between Kevlar-29 and nylon conical ribbon parachutes. Results of this

testing is documented in Reference 15. Small-scale (5 to 8 inch D1o

Kevlar-29 Supersonic X type parachute wind tunnel testing at free s.tream

Mach numbers to M - 8 (M a 4 in forebody wake) and stagnation temperatures

to 760'F are reported in Reference 16. Concurrent with and subsequent

to this testing, Kevlar and nylon hemitflo ribbon parachutes, 5 ft in

diameter were tested behind rocket propelled sleds at dynamic pressures

as high as 6,000 psf. The data and comparison of nylon and Kevlar-?9

parachute performance is documented in Reference 17. Additionally, a

series af drop tests from aircraft of solid cloth, nylon parachute canopies

(C-9 and T-10 types), which were fitted with Kevlar-Z9 suspension systems

and tested over a range of canopy loadings, produced data which established

the feasibility of replacing nylon suspension lines and risers with lighter,

less voluminous Kevlar-Z9 materials of equivalent strength. This

comparative data, showing no excessive snatch or opening forces (relative

to nylon) for deployment velocities of 140 and 160 knots equivaltnt airspeed,

is reported in Reference 18.

18
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2. DESIGN CRITERIA TESTING

FDL efforts to develop a Kevlar-29 MARS drag parachute (see Appendix

D) set the stage for developing military specifications for the decelerator

materials and for conducting a series of in-house design criteria tests

utilizing 15.3 ft 0 continuous ribbon, 20 degree conical parachutes.

The objectives of these tests were to develop and demonstrate a MARS

drag parachute prototype, to obtain performance data for Kevlar-29 ribbon

parachutes, and to generate or conform design criteria to be utilized in

choosing materials for Kevlar-29 ribbon parachutes. Early material

developnents were utilized in fabrication of the first MARS prototype

test itms. Experience in fabrication, joint development, and test results

were utilized as feedback to the materials development, design criteria,

and materials testing programs. The choice of the 15.3 ft D continuous

ribbon, 20 degree conical parachute as the single design criteria test item

configuration was motivated by the MARS drag parachute requirement and

facilitated multiple benefit from the MARS test results.

a. Parachute Thst Item Description

(1) Common Characteristics

All Kevlar-29 test items incorporated the comnmon characteristics

contained in Table S. Canopies with 32, 28 and 24 gores were utilized in the

early designs but 16 of the 20 Kevlar test items were constructed with Z8 gores.

Typical gore #rrangements are shown in Figure 1. Horizontal ribbon spacing

(constant for each canopy) was adjusted to compensate for deviations (less

than .064 inches) from the nowidnl 2 inch ribbon width to maintain geometric
porosity between 15.3 4nd 17.2 percent.

H orizontal ribban free lengths were restricted by vertical

tapes to a 3-inch maximum except for the lower ribbons of test items 3 and

4 where free length$ a441eent to the radial ribbcns were as great as

4.S inches.

19
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TABLE 5

TEST ITEM COMMON CHARACTERISTICS

Nominal Diameter - O 15.3 ft

Canopy Type - 20 degree conical ribbon

Construction- Continuous ribbon with 2 ply radial and vertical tapes
Horizontal and Radial Ribbon Width - 2 in.

Vertical Tape, Width - .5 inches, nominal strength 250 lb
Evenly Distributed Ribbon Spacing

Suspension Line of Braided Cord

Suspension Line Length - 15 ft, 10 in.

Over Strength Kevlar Riser 100,000 lb

Riser Length - 50 in. ( 19 in. from the riser confluence point
to the line loops)

Vent Area - 1.0 percent of nominal canopy area

Vent Band Wdith - .75 in.

Skirt Bland Width - 1.7S in.

Reefing Rings Attached at Radial Ribbons

(2) Parachute Coponertt Matvrials

Table 6 indicates tensile strength of mateeial, Chosen for themajor comp•nents of each tevt item. A rough chronological order of test iten
design Is indicated by the progression of the test itcm columns from left U
riqht. Relatively ftw of the m4terials ued fv- early test items are
represented exactly in the military spefta.4tiOn m4terisi) which were
wustly developOd ifter these items wert fabriCated. Later teit item
utilized more mtteriali which are the %am* as or nearly identical tospecification afteri0l•.

i• 
•~ ~'7 -= . -?_•



A('dL. TR-RIl -3139 XEVLAR-21 PARAC14UTE TEST ITEM KAI

I7 1 4 5 MARS
Test Itemf No PRS EVOLUTION 6 thru 10 11- 0(44',H2

Nurber of orwrs 32 1' ? 24 218 711 ?0i 7A2(

Est Enst Es ~ tEtEst Et Est F~t Est
IKatev-tal Strerngth keq4 0'~d Req Us -, Req Uined Re~q U- pd Reei 0- @d Rq lneeq 0- I P c( ld Req 01 id Req U-.d Req

Suspomn oto Z000 2000 2000 ?000 Z0501) l50) 00 201)0 21011Ln%227S 2275 20)3 27 5 ?01 1746 '0" 14 1"0' 20P') 07' 207922n755' 227 70 1 7 2? ~ 22,,4 21

2" Horizontal 106o 540 '

Ribon 103 1000 900 90 . 600 19383 69 650. *40032100509 1 6791 Q9o 5.4?51263 9 693

________ou% 1001 181)1 )RO 91,10 797 .11I4 ~ 148 0 4 145 00

'50 00 00 2500 0 Cu() 11300 12001in7 2500fd 64/ 1- 1 10117940 (0&4d 64 21,1 t6)i63 I 711 47 00 04 104 10 7 1 04 12 42

1 /4" Skert 630 201 SO 0 5000 -," 8 4 100 175001)5 - ,O 4000 J601 19 ZU0bo -39 1 00 '" 89
14"vn160 101 269) Wa 224141 1 921 19') ''1 '217 00 22117 3 1 22317261 0 7 4 4(142 )1 330) 3)01-00 3100

Veiit Lte 1 . 13 30 1J 7 1 )0 411)0 41-11 4011) 1100)'0 00)20

VetLn%7ý4 ?3o 12 Ij ý0 17 WO )il1/ (100 46 110 (146 143 0 7eJ9 20 /1OP 20 00 ?01 ?u 2079
____________ tNlu T 3071 t Iu51 1 305/ 105/ 7 2 2( 21 C `234

~~~~i - -.- 30

for( eefin t 3321

SOO1 dc NJ) 1 500 200700 ),00
0 1)  :000 1 1300

Lint enJ I I w .QaZ0

172 l' ) Is)1712 (5 (5)15 I

(SI~ Q00

" T7e7u 07 lnIs0 - -um 4 '7~_____

re~t Ite
11111. !! ,m7 77? ______fh16 ~ ~ h 1



TABLE 6

CHUTE1 TtF,' ITFT MATERIAL,;. DESI.10f DATA. AN4D TE'T REFERENC[

S. ~l- I Ii* 9.Ii p-1 WP-Z WP.3 WP-4 lIP-S W-

V1 7H 2A1

*j Pet) .J % Roq k~ 1'-q I~ q Ihst'td Req ij, -,I RLŽq tj 3eq @q l~e R ied Req Used Req L'. ed Req US 0d R.1 0,; d

020?11 'U' ",o 351850 20110 .~2000 2000 2000

4Q ~~~W lofl 1.4 0 ~ 6 l " J 2 3 1 O 0 2 1 600 7 8 6 0 0 28 7 0 750
;0, ~ 4,,6 1ioo 090o 694 64620 6Z0

0n I40 1(1401 A' z;)1 111 S OO z 013t 11092 0092 * 1000 1012 #00
1 . ~~~1 1 3 1)~ ( v 1 o0 9 _ _z_ 1 0 90 2_ _ J 2

ao -4 t oo ?00 05002500'4 4 !4 1y0 ?4'0 :i9 'co .. p4000 l(100 00 914I 9'9500 q 39
'.4 14'46 c2140 190 91 0 ?990 29J0 1.0 l'30001 W*00 2401 #4000 241 * 4000

4i, -- v)1 ' 013' WU'( 400-') 40. 401 314, 2401 31A8 401.20 140P0

I - IW lom-IoI0 0 .c0 1 010 00 *)O10 7 4 1 , U r .30 f' s *'*' I I0 ' 0R 2 2 1 0 2 ' 10 0 2 0 0 0 ; s

W00 63000 3 00
t(7 t2 I 14 314910

flY)o Wi 236 I - =NO!" 10 o 'uoo 1000 *)OLo '3000 '3000 '30
-~' 0!- Q0 31p - 314)( u 1-( 1

)(J 21 *2#3d 00 0 0000' 00

!1 .000

7 - -i t -* -

1' -A ____ -i t I I,, t4 L706N 2353 91 2550 0

P4 -2 j to I4.-'. ~ ,''0 te2
''2600

t It. Iel trao

~~~41~~'V v-r 4i' ~ * j~. 3,E

~~~~- aI6JA44f-



I

AFWAL-TR-81-3138

Selection of material strength for various components for test

items were influenced by the design criteria of Reference 17 and by the

desire to isolate failures to specific components. Risers were in all

cases over-designed with total tensile strength if; the 100,000 pound range

when the expected maximum loade, were less than 30,000 pounds. Chosen

skirt band strengths were always greater than the estimated requirements

to prevent catastrophic canopy failures and to help distribute concentrated

loads imposed by reefing systems. Test items identifled with prefixes

"-"IH" and "WP' often reflect over- or underdesin in horizontal ribbons in

selected areas of the canopies to establish design criteria for specific

components. Test ilems TH-7 through IH-9 utilize coated horizontal ribbon

material and were used to test coating effects on yarn migration or

s',ippage in this material. The coatings consisted of concentrations

of a water dispersed nylon (marketed as Genton, see Reference 2) which

were applied to the ribbon prior to fabrication through a , and

drying process. Selection of component materials for tes: I through

MARS 10 reflect optimization of the Kevlar-29 MARS prototypes.

Choices of suspension line strength generally reflect a safety

factor and degradation factors wh'ch result in a design fact-or (Reference I)

of 2.91. Su-spension line, skirt bands, and ri~er failures were not

,ectives of the design criteria testing.

The actual strength of materials used in the various items

included in, Table 6 are the result of tensile testing of materials usually

from the same lot of material used in cO•nstruction. Tersile testing

technic,,es used were not alw.iys optimum but generally were the same as those

used in establishing joint efficiencies. Often •tferials of the same

nom minal strength resulted in different actual streagths. These dIfferences

moy reflect variavius in material lots. variations in the gunstruction

of materials of Oimilar nominal strength or variation% in tensile testing
i ;te t. hod t

23
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Design loads listed in Table 6 were for reference, in ma*.-ials

strength selection and served as a guide in selectinn test cordition- for

demonstration of structural integrity or promotion Gf tal lure in specific

components.

(3) Geometric Porosity

Geometric porosity is the ratio of open area in a Ainglc ore to

the total area of the gore accounting for vent lines, verti- I tapes s

slots, radial tapes and i.orlzontal ribbors. Deviatio.ls fromr ti', two-ioicn

ribbon width were also accounted for when applicable. Test item gore

geometry and arrangement are depicted in Figure 1.

(4) Parachute Weight

The finished weights ,isted in Table 6 are actual w,-ights )f

parachutes with weight for a 1.0 pound riser swivel deauct?-d where applicib!e.

Each weight includes an overstrength riser weighing 1.7 pounds and '.h,?

appropriate reefing system. These weights do rnot in:-lude deployment bags,

pilot parachutes, or pilot parachute risers wnich add approximately .9

pounds to the packed parachute weight. Nylorn test item weight (see

paragraph (6)b.) reflects MARS design load (16,800 Ib) and ca. be

directly compared with Kevlar-29 MARS items in Table 6.

(5) Packing

All test items were deployed from an unlined baq made from

Kevlar-29 fabric and reinforcing webbing. These bags confo.-ined to the .hape

of the conical tail cones of contemporary Remotely Piloted VehitleLs (RPV).

The b4g shape was that of a right comical frustrum, ?0 inches 4lung its

axis with baLse dia'neteri of 10.5 and 3.5 inches. The volume of the b4q

waý .49 cubic feet. Resultinq pack den tiet raqtyd few 22.S to Z7,8

i Nundts per" cubic fot.

Parichutei were forced ittu the b4ji nanisully ind to p,•ckf.9

fonrs were uted. Hydraul rf Vore was u~e4 oR th ft-eavieW P~rdCutet but

p4ckihg preure wCeV low rlAtive to prest.u.e "Qiiet-I techniques.

)-
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The deployment bag configuration provided a lines-first

deployment with canopy restraint which was removed after deployment of

at! suspension lines. Deployment of the test items was aided by a 24 inch

d-amrnter, 8 vaned pilot parachute utilizing Kevlar-29 suspension lines

and a nylon riser connecting the pilot parachute to the aft end of the

deployment bag.

(6) Test Number Referencing

Table 6 also includes test numbers for each test item which

allows indexing and referencing of the test items to Tibles 7 and 8 which

contain test conditions end results.

b. Nylon Parach.te Test Items

Not included in Table 6 are two nylon test items. Both of these

patrachutes were production 15.3 ft DO, 20 degree conical MARS drag

parachutes. These pzrachutes have 20 gores, a geometric porosity of

20 percent, and are cen-,tructed by assembling individual gores (i.e.,

ribbons are not continuous). 4orizontal and radial ribbons are 2" wide.

Theý hurizontal ribbons have a nominal strength of 300 pv.unds. Suspension

line% and risers have the sime geometry 3s tUe Kevlar-29 test items with a

suspensiot line strength of ',S0 pounds.

ThEr nylon test item used in test 270978S retained the production

Jingle- g.w reefing sy,,ý,tr. For test 211278S a two-stage reafing

*ystvnm wai ihstalled. The .nylon parachute weight was I5.6 pounds not

-inUlUdiL nq the 1.0 pound ricr swivel, deploymertt bag, or pilot parachute.

'•.TEST ITEM REEFING

Ail test items, eAZlIujiv! of IH-I, IH.N and 1.-3 (which were

S-aftlently reefed), were fitted with two.stage reeflihq %ý.tep utilizing

a ?1.O0 lb Kvliar-i9 braided reefing line for each stage which was cut
by t.O ,yPOt0chniC reefing Lutters arMed by a l4hyard pull oin at line

itr~e'ch. fcN reefing ItIt wat routed throuqh a sef-r¢at' sat of reefling

i - a
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rings attached ;o the canopy skirt band and radial Joint at each radial.

Reefing cutter,. were covered by fabric protective pockets and the reefing

lines were thread tacked to each fourth radial to maintain even spacing

during handling and packing. An additional thread tack at each fourth

radial controlled excess slack for the longer second stage reefing line.

Reefing cutters utilized were designed to cut 2,000 lb braided nylon

cord and test firings confirming their effectiveness on 2,000 lb Kevlar

braid were conducted prior to testing.

4. DROP TEST DESCRIPTION

Drop testing was conducted at the National Parachute Test Range at El

Centro, California and on a test range at Edwards AFB, California.

Cylindrical test vehicles 23 inches in diameter and 140 inches long with

cast iron ogive nose sections were ballasted t" various weights (see Table 7)

from 3,000 to 6,000 pounds and released as an external store from the centerline

of an F-4 fighter aircraft. Two seconds after release, a panel closing

the aft end of the test vehicle was pyrotechnically separated from the

vehicle with sufficient thrust to escape the aerodynamics of the blunt

vehicle base. (Table 7 contains all drop test conditions.) This panel

extracts the pilot parachute through a nylon tether which be-eaks away from

the apex of the pilot parachute as the pilot parachute riser acquires the

mass of the packed parachute located within the test vehicle aft cavity.

Initial motion of the parachute deployment baW. relative to the teit vehicle,

opens the forward end of the bag and the su.pension lines are paid out as

24 break ties, nearly evenly spaced along the length of the suspension

lines, which progressively fail. Deployment of the last 14 inches of the

suspension lines negates restraint of the canopy in the deployment bag

and the bW9 is stripped from the canopy by the plot parachute as the event

defined as line stretch occurs. A minor short duration force peak

(see Figure Z) is generated at or near this time which can be defined

aS the snatch force., The force being applied to the test vehicle mass

then incre45es until a maximum value identified as the opening force peak

26



AFWAL-TR-81 -3138

~JLJ

4,,

_ t06

A'

fma

S[• "[-" S = :{[ " .: '" .. .< • l _ " •.



AFWAL-TR-81-3138

is reached. The test item acquires its first stage size and shape shortly

after this force peak and the force decays as thý test vehicle i; decelerated.

After a period of time determined by the reefing cutter delay, the first

stage reefing line is severed and the parachute generates an increasing

force as it inflates to its second -tage. A peak force associated with

the changes in parachute area due t( disreefing is generated. The

vehicle deceleration continues for the second stage, terminating in a

third major force peak and the full open parachute which decelerates the

vehicle to the point where the near vertical rar.e of descent is constant

and the parachute force is equal to the vehicle weight. Figure 2 dis-

plays a typical force time history and identifies some of the events of

interest. Progratmmed separation of the test item from the test vehicle

terminates tne test approximately 40 seconds after separation from the

aircraft. A vehicle recovery system which is independent of the test

item then activates to recover the vehicle and on-board instrumentation.

5. SLED TEST DESCRIPTION

Sled testing utilizing the "Bushwhacker" rocket powered sled was

conducted at the Holloan AFB track facilities. The "Bushwhacker" sled

vehicle, shown in Figure 3, is 15 feet high, 40 feet long. an• weighs

12,000 pounds after burnout of on-board rocket propellant. Propulsion

for this vehicle is provided by Nike rocket motors contained on-board

or on a pusher sled when more than four motors are required to accelerate

the sled to require conditions. The packed tet item arrangqeert for

sled tests is identical to tne drop test arrangemen4 t except for the pro-

truiion (for sled tests) of 48 more inches of riser from the forward end

of the deployment bag. This facilitates attachment to the sled vehicle

at a point 1a inches above and Z1t Inches forward of the center of the

aft end of a 15 inch diameter. 31.?S inch long tube attached at its

forward end to the trailing edge of the sled, The attachteent point

for the te.t item is 180.2s inche% above the rail hedej ond tpproxifately

17 feet a4ove the uerotondinh 9rtoind. A compiete deseripthio of the

N -°



Figure 3a. B3ushw?'acker Sled Prior to Test 100278S

Figure 3b. Bushwhocker S Ied and Pusher SlIed Prior to
Test :70777S

Te~t 0401-78S

Figure 3. SuihNhkee Rucket 80ooited $I"
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Holloman AFB track facilities is included in Reference 19. For a typical

test, the sled is accelerated by solid fuel rocket motors along a
50,788 foot, 2-rail track on 4 captive slippers. After thrusting of the
rockets is complete, the sled is allowed to coast to a predetermined point

on the track where parachute deployment is initiated and test item

deployment conditions exist. Figure 4 shows a typical sled test force
time history and related events.

Test item deployment is initiated by an electrical signal generated
when a knife like appendage to the sled strikes a metal screen held
stationary with respect to the track. This signal initiates a pyrotechnic

thruster which separates an 8 inch diameter, 60 degree metal drag cone
or a closure panel at the aft end of the parachute compartment. The

cone or closure panel extracts the pilot parachute contained in a nylon
envelope (turtle bag) and the remainder of the deployment and test

sequence is identical to that described for drop testing with the
exception that the aerodynamic decelerating action of the parachute is

augmented by the sliding resistance of the slippers on the track and the
aerodynamic drag of the sled. The test terminates when the full open
parachute is disconnected from the sled while inflated and oper-ating

at a low velocity. This disconnect prevents dragging of the test items
on the track at very 'ow velocities. Table 8 contains conditions for

all sled testing.

6. DATA ACQUISITION

a. Velocity and Dynawic Pressure

Drop test vehicles were tracked continuously and simultaneously

by at leAst three contraves theodolite stations, This tracking arrangement
produces synchronized azimuth and elevation data which can be resolved
into )0 space position points per second for the test vehicle.

Differentation of the position-tiw* data yields vehicle velocity w~th respoct
to a reference point on the ground. Dynamic pressure can be e•1cul•4ted
from the derived velocity data and air density which Is determined at

, .
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altitude by an ascending metrological data measurement package. Effects

of wind and other air mass motion with respect to the ground were ignored

in obtaining the drop test data. Other important data obtained from the

space position data include flight path angle, altitude, and distance

along the flight path.

During sled tests the position and velocity of the sled were

derived from a recorded history of a point on the sled passing sensors

spaced at 13 foot intervals along the track. Dynamic pressure is based

on true airspeed (obtained by utilizing measured surface winds and the

derived ground velocity) and air density obtained from measured

atmospheric data.

b. Force

Forces generated by the parachute and applied to the test

vehicles were sensed by strain gauged metal force transducers during both

drop and sled tests. The drop test force transducer is a tensile link
located in a nylon riser which connects the test item riser to load bearing

structure in the forward section of the cylindrical test vehicle. On

the sled, a similar transducer is a tensile link in the metal load path

from the test item Kevlar riser to the sled structure. In both systems

the force data is telemetered to a remote station where the data is
recorded on magnetic tape. Analog and digital force records are later

created from the tapes for analysis.

c. Photographic Data

On-boWard high speed 16m motion picture cameras were commun to

both sled and drop tests. Four cameras are carried on the sled for

close-up observation of sec¢fic components of the test items and for

overall coverage which can be utilized to obtain projected area growth

and variations. Drop test vehiceln •arry only one camera for overall

coverage.

Lxcellent views of the sled test itws side profiles and observa-

tions of staging are obtaineC fao the stationary Cameras with film plan•s

*kI -- C -
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parallel to the track. Drop test side profiles are not usually obtaite,
but chase aircraft films supply coverage of deployment and early staging

operations.

d. Data Syncronization

Telemetered data includes the output of on-board timing generators

used to place timing marks (100 per second) on the on-board films. Common

range binary timing is utilized to syn:i-onize all ground based cameras and
is recorded simultaneously on telemetered tape records. These timing
conventions permit accurate determinations of test events during both

sled and drop tests.

7. TEST CONDITIONS AND RESULTS

Test conditions and results from the drop tests and sled tests are
presented in Tables 7 and 8. The altitude of the sled track is 4070 ft.

MSL.

a. Parameter Definitions

Tables 7 and 8 contain measured data and parameters derived from
the measured test data. Definitions of these parameters are presented in
the following list:

(1) Test Vehicle Weight

The measured weight of the cylindrical test vehicle is juast

prior to the loading on the aircraft for drop testing. This weight includes
the weight of the packed test item with pilot chute, and the test vehicle
aft closure or door. The vehicles were ballasted and 4n error of not tore

than * p powuh wtild be relsofable.

(2) Reefing Ratio (2R)

The ratio of the diameter of a circle with eircunfere e equal
to the reefing line length to tht nawi.tl t,.*st item diaxeter (i.e.. reeftig
lia. length divided by v ad )$.U).

33
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TAE

DROP TEST CONDITIONS AND RESULTS1

CONICAL CONTINUOU-

Test Number 141175D 171275D 231275D 270476D '160876D 151076D 1711760 091276D 250577D

Test Item 1 iM 2 3 4 4R 5 41 MARS 6M

Vehicle Weight (Ib) 3760 4766 6266 4750 4750 4750 4750 4750 5000

Ratio .219 .219 .320 .219 .219 .219 .219 .219 .221
Stage 1

Delay (sec) 6 6 5 5 6 6 6 6 4

SRatio .352 .352 .410 .320 .320 .320 .320 .320 .337
cc Stage 2

Delay (sec) 12 12 12 12 12 12 12 12 7.5

Velocity TAS (fps) 611 740 569 810 776 836 794 830 621

SMach Number m .57 .70 .53 .76 .73 .78 .74 .78 .58

, Altitude MSL (ft) 15000 15000 15000 15000 15500 15000 15000 15000 5000
0 Cpsf) 268 430 258 494 440 514 449 527 276

- Snatch Force (Ib) 3376 1964 2717 6759 6825 1468 7125 5326 4156

Peak Force FoR(lIb) 9170 7333 13800 12394 15097 15218 14973 15683 8852

XR1 1.17 1.37 1.43 1.08 1.10 1.28 1.22

S CDS 29 29 37 22 30 23 26

At Q (psf) 129 219 166 252 1 226 265 190
Disreef Force(Ib) 3760 6425 6194 5651 6367 6115 5000

Peak Force FOR 2  9515 16469 11120 12236 13316 12366

XR2  1.48 1.50 1.29 1.24 1.32 1.37

• C0S 50 50 52 _ - 44 38 48S DS 4

• At Q (psi) 71 100 104 111 137 112

Disreef Force (lb) 3540 5022 5397 M 4853 5228 5338
______4. 4.1..1_ _

Peak Force FO (lb) 11203 5509 14163 41 70 166 151
. 'A , 17503 17606 15711

X 1.51 1.52 1.46 " 1.76 1.35 1.37

* : r S 104 101 94 _.° 93 105 102 7
one-reefing None None susp lines minor None None no breaks lower edicw
cutter attach fail at un- 2 ribbon strain evi- ribbon I'

Damage failed - no known load breaks top dence in had 7
textile three radials partial
component breaksfailure



TABLE 7

S AND RESULTS FOR 15.3 FT 00 KEVLAR-29 20 DEGREE

CAL CONTINUOUF RIBBON PARACHUTES

250577D 021277D 080378D 030578D 250578D 180878D 0412780 080377D 150377D 270178D 120978D

MARS 6M MARS 6 MARS 7 MARS 8 rIARS 10 MARS 10 MARS 9 IH-1 IH-2 IH-3 IH-7

5000 3000 4500 5000 3000 5000 5000 4750 4750 4750 4750

.221 .221 .221 .221 .221 .221 .221 .300 .300 .219 .219

4 4 4 4 4 4 4 permanent permanent 5 5

.337 .337 .337 .337 .337 .337 .337 N/A N/A .352 .352

7.5 7.5 7.5 7.5 7.5 7.5 7.5 N/A N/A 10 10

621 1007 825 745 244 715 729 626 635 680 740
.58 .99 .78 .67 .23 .75 .76 .59 .60 .65 .70

5000 26500 14500 5350 20135 40000 41500 14500 14500 15500 15500

276 489 517 512 31 (150) 140 297 299 345 402

4156 _. NO 6667 150 961 3586 3353 3350 9917 4631

8852 15227 FORCE 15833 9V0 5270 5378 13596 11679 14161 10311

1.22 1.33 DATA 1.11 .91 -- .90 1.20 1.10 1.25 .96

26 23 28 12 -- 42 38 35 33 21

190 241 278 29 . . -- 120 N/A N/A 200 235
5000 5636 8125 1260 4335 4975 6577 6251

12366 12909 NO
FORCE 20278 3080 3540 7507 14675 11885

1.37 1.42 DATA 1.42 1.62 -- 1.30 1.58 1.06

48 38 49 43 -- 50 47 48

112 101 123 , 144 45 -- 104 101 116

5338 3818 NO 7083 2170 5533 5154 4698 5557

15711 10727 FORCE 19722 769 13423 13109 10612 10914

1.37 1.06 DATA 1.37 1.73 .. 1.40 N/A N/A 1.14 .98

102 100 98 100 100 -. 101 38 35 92 96

49 3_30 46 50 30 .50 104 108 52 50

.56 .54 .53 .54 .54 .. .55 .21 .19 .50 .52

lower edge minor - 2 breaks, None None None None no breaks no breaks no breaks no breakshd 7 1severe yarn severe yarn severe yarn severe yarn
had 7 ribbon breaks and on film) slippage slippage slippage slippage
pabreaks b12and vertrcal lower rib- partial ribbons 18 throughout
breaks #12 and 016 strains bons breaks thru 33 all

lower third partiallyvIll gores broken

f
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Test Number 080377S 270777S 310877S 270977S 161177S 100278S 3003785

Test Item 2 2 IM 2M IH-5 IH-5 IH-6

Ratio .219 .219 .219 .219 .219 .219 .219 _

Stage I-
Delay (sec) 5 5 5 5, 5 5 5

Ratio .352 .352 .352 .352 .352 .352 .352
cv Stage 2

Delay (sec) 10 10 10 10 10 10 10

Velocity TAS (fps) 777 856 815 696 751 841 887

rMach Number .70 .74 .71 .61 .67 .75 .65

viQ (psf) 628 702 653 482 571 723 793

-. Snatch Force (1h) 4916 9053 5701 7325 4920 11637 4597

Peak. Force FoR1 (lb) 214C4 73444 24117 17101 21618 23658 26049

SXRI 1.18 1.12 1.17 1.28 1.09 1.12
L&J

C•S 29 33 30 30 30 29

At Q (psf) 311 310 271 293 356 393
Disreef

Force (lb) 9165 10344 8174 8643 10683 11481

Peak Force FOR2(lb) 20152 29156 18712 20332 23934 26283

X2 1.35 1.33 1.37 1.37 1.44

CS 48 53 51 49

At Q (psf) 117 104 115 128 140
Disreef Fo c I ) 65 =e Force (-b) 5656 5474 5846 6326 6536

Peak Force FoFo(lb) 16212 14067 17159 :17497 18633

U FC 1.33 •"1.30 1.34 1.29- :

". CDS 105 , 105 4 104 104010E [quilib - 1ri.jr Q (psf) 52 42. " 93

C57 -57.. "57 557

None one par- all radials 11 breaks None minor no breaks sl
Damage tially fall at in top 6 ribbons #3 awy par- I

broken 23,620 ribbons and #4 Itial breaks a
crown broker, near lower 12 a
ribbon #3 splice ribbons p

scattered m
partial r
breaks

..
~~~~~~~~7 77 7 , ii II Ii i ii ii



TABLE 8

SULTS FOR 15.3 FT Do KEVLAR-29 (NYLON) 20 DEGREE

ONTINUOUS RIBBON PARACHUTES

- --- NYLON -

290S78S 190978S 140679S 190779S 170879S 060979S 270979S 181079S 2709785 21S... .... NYLON NIYLON

IH-8 IH-9 WP-I WP-2 WP-3 WP-4 WP-5 WP-6 MARS MODI FI1

.219 .219 .219 .219 .219 .219 .219 .350 .219

5 5 5 5 5 5 5 5 5 5

.352 .352 .352 .352 .352 .352 .352 .352 N/A .352

1010 10 10 10 10 10 10 N/A 10

604 608 941 939 868 841 840 815 610 596
.,_ _,,_._ _,,_ -- t --

.53 .54 .82 .83 .77 .74 .74 .73 .•4 .54

371 367 870 874 755 694 699 675 3G5 1 381

5446 6626 6099 6390 7494 7433 4563 5238 4839 5802

12058 11649 25504 29964 25209 25227 22744 23290 20149 11771

1.22 1.11 1.08 1.37 1.28 1.23 1.27 1.1

27 29 27 26 26 26 27 21

221 212 401 408 391 345 309 20.

5900 6068 10850 10523 10185 9127 8403 561

12998 13155 24416 25400 22933 20005 19046 1283

1.34 1.31 1.29 1.49 1.38 1.27 1

44 48 48 42 I 42 47 4

102 110 181 180 214 158
> __45

4506 5252 8609 7628 V 90S7 7415
4- - A4-
t1

9498 11180 20212 20421 '- 4 16286 17099
W

1.07 1.14 1.15 1.32 .98 1.15

89 92 99 89 85 97!

56 62 143 I110 94 67

, 48 .50 .54 .48 I•46 .53 •,

ribbon no breaks vent band vent band vent band ;wo crown upper rib- vent band riser nor

splices severe yarn failed dur- failed dur- failed dur- ribbons bons in one fails dur- failed at
broken In slippage ing first Ing first Ing first ail first gore fail ing in- 2014916

stage in- stage in- stage in.- 11 suspen- during first flatlon at
ribbon 5 flatron flation flation lion lines stage In- first stgealso bro- crown rib- crown rib- followed b) fail at flation thenlafter 4
ken severe bon fails bon fall- vent lines 25,933 lbs vent band Icrown rib-
yirn slip- first ures first & crown vent band fails (bo, fall-

:•ribbons fld I not l~ures I
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(3) Reefing Delay (Seconds)

Nominal time for burn of the time delay powder train in the

pyrotechnic cutters which sever reef(lg lines. Initiation of powder train

burning is accomplished by a lanyard anchored to the suspension lines in a

position which applies tension to an initiating pin at the completion of

FIE suspension line deployment from the deployment bag.

19,
5 (4) Velocity (ftfsec)

352 The true airspeed or velocity of the cylindrical test vehicle

relative to the ground or of the sled relative to the air mass through

which it is moving.
596

.54 (5) Mach Number

381 The ratio of the velocity to the speed of sound in the air mass

802 trough which the test vehicle is moving. Calculated from the atmospheric

777 conditions at the time of testing and vehicle velocity.

(6) Dynamic Pressure (Q, pounds per square ft)

A quantification of the potential of an air mass to exert
forces on a body moving through it. (Product of the square of the v&•.)>city

(ft per sec) and one half of the air density (slugs per cubic foot)).

(7) Line Stretch (LS)

An event which occurs as test item deployment terminates and

inflation to the first stage 4egins. Determined by observation of high-speed

films showing grouped suspension lines becomcing taut and the parachute skirt

emerging from the deployment bag.

(8) Snatch Force (1ý)

First recognizable peak in the force trace after deployment

initiation and prior to the first stage inflation peak force. When two or

mort such peaks of approximately the saae magnitude appear the first is

Identified a4 the indtch force.

16
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(9) Peak Inflation Force (FORt, FOR2, FFO, ibs)

?Maximum force recorded as the test item achieves its inflated

size, shape and final force producing configuration for either the first

* Ireefed stage, the second reefed stage, or the full open or unreefed condition.

Force values for these peaks are read from analog displays of the recorded

telemetered force time data where time scales are nominally 10 inches per

second.

(10) Shock Factor (XRI, XR2, XFO)

A factor used to predict peak loads when drag area and dynamic

pressure can be determined. Shock factors developed from the reported test

data as design criteria were obtained for each stage as follows:

FOR1
XRI (CDS)R (first reefed stage)

F 0R2OR2 CD)R 2  %Rl (second reefed stage)

FvFFO
X FO QDR2 (full open)

(11) Drag Area (C S, Square feet)

Effective area of the parachute at the end of each imflation

stage. Fer the reported test data, drag area is calculated as the ratio of

test item drag force Wo dynaic pressure at a specific time.

S(1?) O1sreef

Eventt initioted by the firing of pyrotechnic reefing cutters

which sever a reefing line, Times for the disreefing events are deterninWd

by identifying an on-bWard film frame which depicts first growth in test

iem prijected area at the bejinning of the seond or full open Stage.

&12
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(13) Equilibrium

For drop testing: Condition in which the sum of the parachute

force and vehicle aerodynamic drag is equal to the total weight of the

vehicle and parachute and in which velocity is both constant And near vertical.

Staging times or test item disconnects normally preclude reaching this

condition precisely, especially for reefed stages where conditions just

prior to disreef were interpreted as "equilibrium conditions" for purposes

of calculating reefed drag coefficients and drag areas.

For sled testing: Equilibrium conditions are considered to

exist at the end of each stage or in the full open condition at a time

following final disreef where acceleration of the sled was minimal.

(14) Drag Coefficient (CD)

Factor by which parachute areas and dynamic pressure are

multiplied to obtain drag force. (Drag Force a (CDS) (Q)). The

equilibrium drag coefficients contained in TablE. 7 and 8 are equal to the

ratio of the force measured at equilibrium conditions to the product of

dynamic pressure and parachute area.

8. DISCUSSION OF TEST RESULTS AND EFFECTS OF REEFING

a. Peak Forces

Peak forces, which occur at or near the time when maximum projected

area for each of three inflated stages. were measured and are included

in Tables 7 and B for drop and sled tests respectively. In Figures S, 6,

and 7, values for force peaks and coincident dynamic pressure are plotted

for the reefed stages and full open stage of each test. S)wbols on the

plotted data points represent damage to the test Items or unique test item

configurations. Figures 5 and 6 indicate thAt noncatastrophic damage does

not significantly disturb the lineirity of the data for the first and

second stages respecti'ely. In Figure 7. the plot for the full open stage.

several points which represent dawage to test items are below a reasonable
line drawn through the undag•ed or less severely dazaged test item dati

weints.
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Peak forces generated by the staging to full open of test items
111-3, IH-7, 111-8 and IH-9 which utilized 400 lb tensile strength

horizontal ribbons were lower than the line representing test data

for the full open stage in Figure 7. Since damage to test items was

primarily yarn migrations i;nd not tensile failure (even though ribbons

were coated in IH-7 and -9) it appears that ribbon configurational changes

are the primary cause for the lower forces. Figure 8 shows the post test

condition of 400 lb ribbons and the ineffectiveness of the coating relative

to preventing yarn slippage or migration. The ribbon condition depicted

in Figure 8 is typical for both coating concentrations.

When sled and drop tests involved staging at similar dynamic pressures,

good agreement in the peak forces obtained by these two test methods was

observed.

b. Drag Area

Drag area values contained in Tables 7 and 8 were averaged for test
item stages. These average values, quantity of data, and the d~ta dispersion

(standard deviation) are presented in Table 9. Stage 1 averaged data

represent reefing ratios of .219 and .221. Stage 2 averaged data

represent reefing ratios of .352, .337 and .320. Observation of Figure 7

and values making up the averaged data populations suggested that tests

involving extensive damage and test items based on the 400 lb horizontal

ribbons should not be included in the drag area data representing the

full open stage. When these data are omitted from the full open stage

data population, the last column in Table 9 results. These selected
data are considered representative of obtainable drag area.

Sled test and drop test averaged drag areas indicate that these

categories can be represented by thi. combined drag area average vilues.

tl
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Figure 9 contains plotted points representing the averaged CDS values

for each drop and sled test reefing ratio. The reefing ratio value RR m .67

is indicative of the full open Kevlar-29 test item profile as scaled from

films. Also plotted are average values for eight 15.3 ft nylon conical

ribbon RPV drag parachutes tested under a preceeding program (results

unpubl is hed) . The Kevlar data matches these and the data resulting from

the single sled test (see Table 8) of the rylon parachute. It should be

noted that the nylon parachute canopy contained 20 gores.

c. Opening Shock Factors

Opening shock factors whicn resulted from dividinig the peak force for a

given inflation stage by the drag area at the end of the stage and by the

dynamic pressure at the initiation of the stage were taken from Tables I

and 8 and averaged to obtain representative values. Table 10 contains the

representative values following the practice utilized to obtain the drag

area representative values of Table 9. The results of this averaging process

(Table 10) indicate that sled and drop test data for the first two stages

can be reasonably combined, but that drop tests produce higher and more
scattered full open sh(,ck factors.

Utilizing the commonly used Reference I relationship for predicting

peak Ioad•,

and the combined test average value,, for C S and X (for a given stage)

from Tables 9 and 10, the dashed %traight line-, on Figures S. 6. and 7

were plotted.

The effect of reefing o.i opening shock filctor i5 shown in Figure t0.

The plotted Averaige values tht first two stages are representative of

rel'itively lo-iesty grouped dva Populations even though large )~nqe of

test conditions iir epresented. All d•ata, except thoNe resulting from

te•tý of ito, using 400 lb hrizoc.tal ri~btnt were ittluded. The full

• I •,- - -4 -
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open shock factor data for sled tests is also a closely grouped population

(data from tests with damage are omitted as per discussion on peak forces),

but drop test data has a wide dispersion as indicated in the figure. The

average value for full open drop test opening shock factor is 1.45 which

represents a population of 9 data points with a standard deviation of .21

and a range of data from XFO 2 1.06 to 1.76. Interpreting the data to

produce a relationship based on the test data which could be used for

design resulted in the dashed line on Figure 10 which is biased toward

the high values for shock factor in the staging to full open.

Single points on Figure 10 represent odd reefing ratios and test items

made with 400 lb horizontal ribbons. Except for the first stage of the two

sled tests, test items with 400 lb ribbons produced much smaller opening

shock factors. These results are believed to reflect changes in permeability

due to slippage of filling yarns in horizontal ribbon free lengths. Figure

6 shows coated 400 lb ribbons after test 290878S. No indication that either

concentration of the Genton coating proy' uprovement in this material

was observed.

d. Inflation (Filling) Times

The times required for test items to transition from one stage to

another (inflation of the canopy from the lime stretch condition to

completion of first stage inflation (Stage 1). the inflation which occurs

between the first disreef and the completion of secund stage inflation

(Stage 2). or inflation which occurs between second disreef and the full

open condition) are referred to as filling tim.-s. Events marking the

initiation of each inflation itage were cl early defined on high-speed

motion pi~ture films ar on oicillogr•ms tontaining force traces. Tihse

two data sourcvý were ailto syncroniZed utili,img timing wký lhich were

recorded ýimulaneouoly on filt aft4 O$Illo9rdas,

The emd of inflation periods are coatao:tly defined 4s th( time when the

oj€ecttxd area firut oqu4it the sttedy-•tate or equilibrium pmjected Atea for

, 48
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a given reefing stage or the full open condition. For the testing
discussed here, motion picture frame rates (300-500 frames per second),

high rates of area growth, and precision in obtaining projected 4rea data

from images, yielded uncertainties which led to adopting the time of

occurrence of peak forces as the end of inflation or filling intervals.

Figures 2 and 4 show the definition of filling intervals.

Tables 11 and 12 contain filling times for drop and sled tests

respectively. Test Items and test numbers can be cross-referenced with

Tables 7 and 8 to obtain additional information relative to test item

configuration, test conditions and test item damage.

Figures 11, 12 and '"3 are plots of filling times and dynamiL pressure

for indicated reefing ratio ranges with odd reefing ratios noted. Also

noted in the symbols for data points are seriously damaged test items.

Segmented lines drawn on each of these figures .re "eyeball" faired and

considered representative of the measured data.

Filling times for test items based on 400 lb ribbon are greater than

the general trend of data fGr the first and full oper, stages, while the

second stage filling times for these test items are in agreement. with

other data.

Test items with vent band failures produced relatively large scatter

in the filling time data which was confined to the inflition to full open.

although failures in vent bands occurred early In the first stage inflations.

e. Projected Area

Projected areas of te.t itemis were obtained from on-board motion

picture fi'ts. These are.i are the maioum. frontal profile areas, the

* pl0anei of which (for the reefed inflated stages) are significantly aft

of the test item skirt. P'ojectO area data were not obtaintd for every

test 4s high quality. high..speed isideview film which could be syncronize4

7 s
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TABLE 11

PROJECTED AREA. FILLING TIME AND DYNAM4IC PRESSURE FOR MROP TESTS

DYNAMIC PRESJURE PROJECTED AREA FILLING TIME
Test Nr. b/ft) ft) 2  ec)
Test Item Line First Second Stage Sti~e Full Stage stage Full

Nr. Stretch Disreef Disreef 1 2 10pn 1 2 Open

141175D 260 129 71 28.7 44.1 8U03 .149 .083 .102

171275D 430 ?19 100 29.3 49.3 8q2.0 .114 .038 .062
18

2312750 258 166 104 47.5 63.7 81.3 133 .009 .043
2

270476D 494 252 -- 27.0 .050 --

1604 0 440.... 27.9 g.. ,105
4

171176D 449 226 111 30.0 44.0 q% .0 .290 .030 .111

0912760 527 265 137 30.0 46.0 95.0 .121 .063 .0o1
4M

25057/025RS710 276 190 112 27.0 47.0 1.O0 .150 .039 .065
MARS 6M

M A R S / 76 4 8 9 " .4 1 I 0 1 . ... . 1 2 4 ,U 4 0 . 0 6 4

0305780 D
8 512 191 144 .. .. .. 168 .033 ,03MARS 8

2605780
l S 10 31 39 45 ...... 492 .064 . 09.

Isu .... .. ... 160 .03U 0ia0
MARS to

M A R % 7 9 1 4 0 l z O 1 0 >4 .... . 6 0 . 0 3 0 i s o5

080I370 21/ .. 42.0 •If1le %.age .479
Iii- I

I ý0377D . . 4~0~ nl tg 7

2tut01b 34S !O0 101 ?6.o 46,0 40.0 .146 011 2110
I;

t- -' 170
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TABLE 12

PROJEC(TED AREA, FILLING TIME AND DYNAMIC PRESSURE FOR SLED TESTS

DYNAMIC PRESSURE PROJECTED AREA FILLING TIME
rmst Nr o/t)(%ec)
Tpt Item Line F(rtt Second (ft)

Nr 1 c Dkreef Staqt' I Stiqc h Full Open staqe I Stage 2 Full Open

(I09)377 S 6 i7.4 .11 I17 26.0 44.0 A?2.5 .121 .0.16 .0712

1109,717 S IM 53 10 - `6.6 .105 .7

270977 1

24 e 2? ?71 104 ?5.z 46.0 -- 133 .045 .069

161177 S
[1I-5 571 293 115 25.7 4?.5 90. .132 .026 .080

1002173 S
Il.5 723 156 120 26.S 46.0 90.0 135 .013 .065

310037A
jlI-6 793 393 140 20b) 4/.5 90 01 .124 .027 V04

040.1171 S
I1.SM 8940 404 151 26 5 46.0 95 0 .118 .029 .073

Z 908,711

I H-A 371 21I 102 '2 0 42.5 811. 0 .200 .035 .183

190978 ,
Zl- "61 211 HIO 3J0 45 1 5 0 i.O 241 .036 .101

WP-I 8 1 u 401 181 .6.0 47.S 91.0 .107 .026 .082

WP2 ,4 4Oi 1810 //.0 47 t 92.5 134 .05, .107

WP-j 75' Jg 27 5 .110 ..

I7OV9 T4 4

0.1, 103

97t 104'P 1 ý4 2 ,0 4S 0 85.0 .19 .013 .01

.. a i. 4i 0 90 0 .90 v..140

!I!¶
li I i -.•" . -i"• • , w • •• . .
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with on-board film and oscillograms was not always available (especially

for drop testing). This film is necessary for determination of the distance

from the maximum projected area plane to the focal plane of the on-board

cameras for developing area scale factors.

Observation of the body of projected area data contained in Tables 11

and 12 reveals that projected areas were nearly independent of dynamic

pressure and, in most cases, test item configuration. A notable exception

to the configurational independence are test items IH-8 and IH-9 which

were fabricated with 400 lb coated horizontal ribbons. These two test

items produced projected areas which were smaller than all other

configurations in the first stage and projected areas comparable with the

lowest values for the second and full open stages.

Table 13 summarizes the projected area data. Higher dispersions

(standard deviations) were noted for drop test data where film quality

and side view film was poor relative to that available for sled tests.

Average values of projected area for various reefinq ratios are plotted

in Figure 14 wh.ere a linear relationship can be seen. Odd reefing configura-

tion data and data resulting from tests of items with the 400 lb coated

ribbon material are also plotted and are in general agreement with the
linear relationship represented by the segmented line drawn through the

average points.

(1) Overinflation Area

Overinflation area. the difference between the equilibrium

(or end of stage) projected area and the maximum projected area achieved

during a given stage. was observed in most of the tests. The time of

occurrence of maximum area was subsequent to the time for maximum force
In the first sta;e in all but 4 of the ?4 drop and sled tests for Which

data was available. In the second stage this wai true for All but 3 of

21 tests. In the inflation to full open, maximum area was reached before

S7
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maximum force for 6 of the 18 tests for which data is available. Average

values for overinflation area in drop tests were 3.2, 5.1 and 7.3 percent

of end of stage areas for first, second and full open stages respectively.

For sled tests overinflation area averaged 2.9, 4.4 and 7.5 percent for

the three stages respectively. No correlation between number of gores or

any other configurational property and overinflation area could be identified.

f. Inflated Profiles

Inflated profiles typical of tne Kevlar-29 test items with RR1  .219

and RR2 - .352 are shown in Figures 15, 16, and 17. These sideviews were

taken from films exposed by fixed cameras located 1,040 ft from the track

centerline and timed to run as the sled passes the camera station. The

side profiles were traced from frames exposed when the sled was at the same

track station as the camera, producing a true view. Views traced as

representative were also chosen at times when frontal areas were nearly

circular. The full open and second stages always produced nearly circular

frontal areas, but the first stage frontal shapes oscillated from circular

to elliptical during the inflated period.

Dimensions of the canopy side profiles were obtained by deriving a

scale factor for each film frame from known distances along the sled track

and measured dimensions for these distances made on tracings of film

projections.

The suspension system, from the confluence point to the parachute

skirt consisted of e2Z inches of 12,000 lb (2 plies) lower riser leg.

190 inches of traided cureless cord, and 3 inches of radial tapes termina-
(r tion at the skirt for a total nominal length of 215.5 rinches. Valuos

shown in the sideviews reflect elongation in the suspension system equal

to Z,4Z .9 Mpercent and 3.16 percent of the 190 inch suspension line

length for stages 1. 2 aid full open reiptively. Load% in each Q0,00

lb nominal strength) iuspension line at the time of the sideview tracings
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were approximately 600 lb for each stage. The uncertainty in determining

the suspension system length from photographs and in the fabricated

suspension system length is estimated at + 4.5 inches for 2.4 percent of

the 190 inch suspension line length which precludes meaningful conclusions

relative to elongation data.

g. Test Item Oscillation

Parachute oscillation was defined as motion of the parachute which

.resulted in displacement of the canopy vent center from an axis parallel

to the testing vehicle relative air velocity vector and through the test

item attachment point. For purposes of evaluating oscillation, the

velocity vector waý; assumed parallel to the test vehicle flight path

(or sled track) since wind vectors were small relative to vehicle

velocities at the times when oscillation is of interest.

Motion pictures from on-board cameras viewing the inflated test item

frontal area were used to evaluate test item oscillation. Pitching

instabilities in the drop test vehicle about axies located within the

vehicles precluded the provision of a steady base for the on-board

cameras and only qualitative comments based on air-to-air and ground-to-

air film data can be made. The sled test on-board film was obtained

from cameras on stable mounts and excursions from the center of the

film frames could be quantitatively ascertained. General observation

of film from both drop tests and analysis of films from sled testing

revealed that reefed stages for all test items were quite stable with

oscillations of four degrees or less. When filling to the full inflated

stage, significant oscillations were encountered for all teit items at all

conditions in both drop and sled tests. These oscillations (as high as

12 degrees in sled tests) were quickly damped and the full open test item

configurations exhibited oscillation angles of less than 8 degrees

subsequent to the damping which typically was complete in less than

.75 seconds.

63
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h. Material Suitability and Structural Adequacy
(1) Suspension Lines

Suspension line failure was encountered in three tests, one

test (230678S) where the primary failure was suspension lines and two tests

(270476D and 060979S) where suspension lines failed subsequent to failure

of the reefing system and premature inflation to large areas at high dynamic

pressures. The suspension l-ne primary failure case was the second test

ýf test item IH-6 which had in the first test, been subjected to peak

Inflation loads of 26,049, 26,283 and 18,633 lbs. Suspension line failure

occurred imnediately subsequent to the first stage inflation during which ;

peak load of 22,655 lbs had been encountered. Failures of these suipensior,

lines occurred at the loop eye splices attaching them to riser legs.

Figure 18 describes the envelope of suspension line strengtn

and peak inriation loads which was covered by the drop and sled testing.

The failure points shown represent tests 230678S and 060979S which involved

28 gore test items. A point for the suspension line failure during test

2704760 was not included because a reasonable value for the failure load

could not be determined from the force recordiog. In addition to the
failure points shown, the ,tnvelope encleses 84 suspension line peak

inflation points which did not result in suspension line failures.

(2) Hoizontal Ribbons

Datage to horizontal ribbons was considered separately for

the ribbons in the top of the canopy f" the vent through ribbon 12,

known as the *Cown" ribbons, and for the ribbons 13 through the skirt

ribbon. called the *lower' ribbons. Figure 19 shows the location of

ribbon 12 relative to inflated -hapes.

Horizontal ribbo;i tensile failures which were not the result

of failure in soe other parachute component occurred priotarily in the
crown area and nearly alwayý bWfo-e or 3t the tiue when tne 1rst Stage

6
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reefed inflated shape was attained. Observation of the crown ribbons

often revealed isolated breaks in the early portion of first stage reefed

inflation.

Horizontal ribbon structural adequacy is displayed in Figure

20 where measured horizontal ribbon material breaking strength is plotted

with peak opening force. The peak opening force is not necessarily the

load at which ribbon tensile failures occur. This parameter was chosen

because peak forces often govern selection of component material strength.

Many combinations of peak force and ribbon strength (not involving failure),

which were significantly below the range where ribbon failures occurred,

were not plotted. For the plotted points in Figure 20, indication of

damage is made only for complete tensile failures in ribbons where these

failures are not believed to be the consequence of the failure of other

test item components or the reefing system. Minor damage implies that

relatively few ribbon tensile breaks occurred in the test items and that

these breaks were sufficiently scattered that entire gores were not

split from the vent ribbon to the eleventh ribbon from the vent. Major

damage consists of enough tensile breaks to cause one or more gores to be

split from the vent to ribbon eleven. It is important to recognize those

points in Figure 20 which represent failures in horizontal ribbons which

occurred in previously tested test items. Previously tested parachutes

often suffered ribbon failures related to lower peak forces than the test

item was exposed to previously with no damage. Table 14 summarizes

horizontal ribbon failures and includes the plotting symbol code for points

in Figure 20. Indication of the test and loading histories for various

test items can be obtained from Table 7 and 8 and Appendix G which contains

summaries of test item configurations test abnormalities, and structural

damage.

It should be noted that most of the horizontal ribbon failures

represented in Figure 20 did not change the performance of the test items

appreciably and might not be construed as test item failures in many

single use applications.

67
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The line plotted on Figure 20 is representative of the

criteria used to obtain the estimated requirement for horizontal ribbon

nominal strength contained in Table 6. Ribbon material measured average

strength is assumed to be 10 percent greater than nominal strength.

Ribbon failure ?1ints in Figtre 20 indicate minor damage occurring below

this line for two cases of initial testing. One of these points, for

ribbon with 1090 lb breaking strength, included one break in the top

ribbon which occurred within 10 milliseconds of the failure of the vent

band which was stitched to the top ribbon and may have influenced the

plotted ribbon failure. The other low initial point on Figure 20 was the

breaking of 980 lb ribbons, numbers 2 and 3, each in one place during a

drop test (No. 160876G) that was inadvertently released from the test

vehicle just before the second disreef. The time of occurrence of these

breaks could not be determined from the low quality on-board film which

was too overexposed to show detail. Repairs were made to these ribbons

and there were no failures in a subsequent drop test of the same test
item. The possibility of some circumstance other than loading during

inflation being responsible for this ribbon failure point seems likely

but no evidence to refute the data was found.

When a second, a third, and in one case, a fourth test of the

same test Item is considered, several instances of test item minor damage

due to ribbon failure (as shown in Figure 20) are well below the design

criteria line. It should be emphasized that the minor damage to these

test items did not appreciably affect parachute performance and It was not

apparent that these ribbon failures caused failures in other parachute

components.

The point coded as major damage in Figure 20 is from test

No. 2?09795 during which the crown ribbons of in entire gore f~lled

followed by failure of the vent band at this gore forming a large hole

in the canopy whIch contributed to low, full open drag.

*711
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Ribbon damage outside the scope of Figure 20 was in the

form of partial breaks and weave distortion. Partial breaks of horizontal
ribbons were characterized by broken selvage yarns and tensile failure of

some, but not all ^f the ribbon warp yarns. Most partial breaks occurred

in the lower ribbons which were subject to untensioned fluttering during
the reefed stages. The point of intersection of the horizontal ribbons,

vertical tapes, and radial ribbons (at ribbons 11 and 12) was a prime area
for the occurrence of partial breaks in test items 1 through MARS 6M.

Failures at this location prompted placing circumferential reinforcement

bands in this area on subsequent test iLems. It is also believed that
assembly of vertical tapes normal to the horizontal ribbon edges

contributed to this damage.

All test items which utilized the 400 lb nominal strength
ribbon, with and without coating, experienced damage in the form of weave

distortion or filling yarn slippage which in general did not result in

tensile failures, but did affect performance as discussed previously.

Ribbon splices were usually not consistent locations for

ribbon failures except for test 290878S du-ing which three crown ribbon-.

failed at the splice. This failure is f 4rther (Oiscussed in Section VI.

paragraph 3.

(3) Vent Bands

Five of six of the WP series of test items -1. -- 3, -5

and -6 experienced failure of vent bands while attaining the first stage
inflated shape. A definite reason for these failures has not been
Identified but a discussion of some of the circumstantial evidence is

presented in the following text.

Table 15 summarites pertinent inform4tion related to the vent

band failures in the WP series test items and some data for testing of

other cohfigurtionsi at similar peak loadings where failure of the vent

b4nds did not occur,

t7
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The length of vent lines relative to vent finished diameter

does not appear to be a likely cause for failure since three different

length differentials were involved in failures, one of which was used in

test items which did not experience vent band failures.

The WP series test items differed from all the other test

items in that they were fabricated with tucks in the top crown ribbons

to reduce inherent continuous ribbon upper edge fullness as discussed in

Section VII, paragraph l.b.

(4) Reefing Components

Failure of reefing lines was not observed in any of the sled

or drop tests and it is therefore known that the force in the line did not

exceed the breaking strength of the braided cords used. The measured

breaking strengths (Table 6) for these materials were obtained using

tensile testing apparatus which -esulted in tensile breaks at the tensile

testing jaw. The strengths of these Kevlar-29 braided cords may have been

higher than the reported values if the tensile testing methods described

in Appendix C had been used.

Failures in reefing systems (Tests 310877S and 060979S) were

catastrophic in both cases. These failures o.curred at high loadings and

began by separation of reefing lineý from cLe radials at the skirt biand

due to failure of the reefing ring attachment tape stitching or possibly

of the reefing rings. For testing subsequent to 310877S. special high

strength heat treated reefing rings fabricated from 41U0 steal (heat treated

to 153.000 psi) were used. Average failure loads for these rings in tensile

testing machines was 833 lb coapared to 480 lb for the previously used

rings. No evidence that any of the heat treated rings failed or elongated

&aring tests was found.

Test 270476D terminated in a reefing malfunction which i* wit

contidered a reefing structural failure. Observation of on-board film

indicates that both reefing lines were cut at t nor•m4l time for first

disrelf. This malfunction could iqjw; k.". caused by 4 rigging error,
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SECTION V

GENERAL KEVLAR-29 DESIGN CONSIDERATIONS

1. WEIGHT, VOLUME AND COST

Utilization of Kevlar-29 materials should be considered when attaining

lightweight, low volume, high strength or strength at high temperatures.

These conditions Justify the cost of this material relative to conventional

fibers (nylon, polyester, Nomex, etc). Cost comparisons should be made

based on length requirements for finished materials of given breaking

strength since Kevlar-29 is usually lighter than materials of similar

strength based on other fibers. Reference 1 and Tables 2. 3. and 4 can

be used to obtain unit weights and other characteristics.

2. LIMITATIONS IMPOSED BY YARN AVAILABILITY

When decelerator loading dictates tensile strength less than 2SO lbs

per inch over tht cartopy surface, Kevlar-29 materials based on presently

available yarns may not be available in a reasonable air permeability

range, or may produce a decelerator with adequate ttqnsile strength but

limited reuse application due to yarn migration and possible distortions

at joints. Ribbon parachutes utilizing 2 inch wide. 400 lb& horizontal

ribbons (Type XI. Class 3), (see Table 6) were flight and sled tested

over a wide loadinr; r.nali without horizontal r1btLn tensile failures

but with extentive dittortiors in ribbon weave which it•nc.C-ii tliDping

of filling yarn- to the ends of riN.hmn free lenqthý. Figure 8 shows

typieal post test ribbon eonditions. Utilizatio of woven Kev4r-2?9

ea~erials of Z00 lbs per infck of width al5 dictotes wre attentiop to

detign and fabrication of joint%. ptosibly requiring servt-lv ittrratitl

to develop desired joint efficiency, Application of the above Motioned

parous, ribbon% "ey dictate acwouting ftoe eriueable ribtiont in

caleuut tion of porosity. Reft-et-ee .outitains datA indicative of

permeibility values for Vrevlar-Z9 waterialt. and ReferenCe I itcludes

a skethod for adding ptrmeability to qeowtric pOroilty to estimate

a-ntt i-O -- , . -
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3. ABRASION RESISTANCE

Kevlar-29 woven and braided materials offer abrasion resistance

superior to similar nylon, Nomex, or polyester materials, if the relative

velocity between abraiding elements is high enough or of sufficient

duration to cause heating of the materials. If decelerator system

components will be subjected to low-speed abrasioi where material

damage would result from mechanical surface interactions, most Kevlar-23

materials are equivalent in abrasion resistance to similar strenith nylon

materials. Applications which place components in loading cycles ranging

from compression to maximum tension at high frequency for long durations

are not well suited to Kevlar-29. Reference 20 contains results of

Kevlar-29 and nylon abrasion testing and describes conditions and

relative abrasion resistance of Kevlar-29 and nylon materials. FDL

experience include; tens'ile failures in vent lines which appear to have

been caused by abraiding of braided cords under high tension at the

center of the vent. When vent lines were fabricated from flat webbing

these failures were not encountered.

4. ANTI-FRAY PROTECTION

Cut ends of Kevlar-29 woven or braided mateýFiais which cannot be

enclosed inside joints or seams should be treated to resist fraying

during handling, packing. id duri,,a ope.ation of the decelerator. This

is particularly recessary in eomponents subject to 4erodynamic flutter

and to items which must be reuisd. Since the basic fiber does not melt

in the iJiner of nylon and polyester, the customary technique of searing

en-ds it not appligable to Kevlsr-2M. A prduct marketed by the General
Plaiticis Caporatioa ;f Sloomfield. NJ under the trademame "Sergeftew

has been used by FDL oh vevlar-9 ribbtn parachute tetit ities for drop and
elid testing. Application of Sergene retardi fraying by c¢u0i01 yarna

to 4dhere to each other.

(i

)7



AFWAL-TR-81 -3138

SECTION VI

RIBBON PARACHUTE DESIGN

I. GEOMETRIC ARRANGEMENT

Subsequent to determination of parachute type and size, maximum loads,

staging, and equilibrium or steady-state performance to meet system

requirements, canopy and gore geometry must be determined. These

determinations will include gore dimensions, ribbon spacing and a number

of horizontal ribbons, vent geometry, a number of vertical tapes,

radial tape width, suspension line and riser lengths.

a. Porosity Calculations

A technique for calculating geometric porosity (or total porosity

if permeability of horizontal ribbons is appreciable) should be devised

which permits iteration of the number of horizontal ribbons and yields

the parachute porosity desired to meet performance requirements.

Appendix D contains a sample calculation of these geometry related items

for the MARS drag parachute.

b. VerAt keometry

In many applicatiors the vents in aylon parachutes arc designed

so that the vent lines are ioaded and elongated prior to the loading of

the vent circumferential members. For must of Lhe Kevlar-29 test item
-• see Table. 6) parachuteý fabricated anti tested oy FUL, vent lines were

wade one inch shorter than the finished vent diameter. WP series test

ttems were made with varying vent line lenqths but failures in vent lines

or vent circumferential members due to constructed dimensions were rot

conelusiv-ely showa. Low elongation of Kevlar-Z9 suggests vent line
length equal to the vent diameter.

c. Vertical Tapes

The number and locatlon of vertical tapes applied to th%% canopy

Spallel to tne gore centerline (these tapes e•n be applied in a radiil

77
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direction as in Reference 21) to maintain ribbon spacing over the gore

length should be chosen to limit horizontal ribbon free length particularly

near the skirt and lower portions of the canopy which may be subject to
extensive high frequency flutter during reefed stages or early stages of

inflation. Promotion of positive inflation, maintenance of porosity,

and limiting yarn migration or sleaziness of Kevlar-29, 2-inch ribbons

in the lower strength ranges, suggests a maximum horizontal ribbon free

length of 3 to 3 1/2 inches. This practice was successful in the FDL

testing reported here (and in Reference 4). Continuous ribbon designs

for Kevlar-29 materials accentuate the need for small horizontal ribbon

free length due to the combination of low elongation and the fullness in

the upper ribbon edge (if not corrected by constructed tucks under radials).

The 20 degree conical design of Appendix D includes 11.8 inches of

fullness (total around canopy circumference) in the top edge of all

horizontal ribbons.

d. Radial Tapes

The width of radial tapes which form gore edges, attachment

points for suspension lines, and carry radial 7oads, is an important
* influence on geometri'7 porosity. hurizont-il ribbon free length and

integ;-ation of horizontal ribbor splices. Utill17ation ot wide radial
tapes incrtases the portion of the canopy surface under tensile load

during early itflation and reefed stages thus minimizing the area

subjert to flutter damage 4nd deflection whichi might cause vari.ince

in geometric porosity. Two-inch 4tlde materials were ujsed on the FDL

effort reported in S.ction IV with qood results.

2. STRUCTURAL REUIOIR(NETUS AND MATERIAL SCLFCTIOM

a. Peak Opeoing Forces ar De-ign Fictor

Design criteria for selecting material tensile strength for
-arPous components are expreýsed in terns of the peak opening force (FO)

i ,i design factor (O.F.).

4 -
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Design Component Strength (D.F.) (Fo)

Peak opening forces are predicted using the relationship

Fo rf (COS) Q X

Where the drag area (CDS) and opening shock factor (X) reflect a given

reefing condition. The dynamic pressure (Q) reflects the aerodynamic

conditions at the time of deployment or staging. Figure 21 shows the

relationship between reefing ratio, drag area, and opening shock factor

when full open drag area is known. The plotted functions in Figure 18

are representative of the lines faired through test results plotted in

Figures 9 and 10. It should be rioted that the opening shock factor

function is somewhat conservative for larger reefing ratios. A feeling

for the magnitude of this conservation can be obtained by reviewing the

data and faired curve of Figure 10 and Paragraph 8.c. in Section IV.

Reference 17 contains similar data for unreefed Kevlar-29 ribbon

parachutes tested at Mach numbers up to 2.2.

The (D.F.) as described in References 1 and in Reference 22 typically

"* incorporates a chosen safety factor, various strength degradation factors

and a confluence factor applic,.ble to suspension lines and risers. The

safety factor should represent a margin over the ultimate strength of

the parachute component ;.nd is chosen to reflect the parachute application.

Where A is the product of strength degradation factor( which may include

joint efficiency. abrasion losses. fatigue, effects of moisture.

temperature, effects of vacuum, unequal loading. and confluence

convergence. For convenience in discussing the Kevlir-?9 design criteria

suggested by the testing reported in Section IV, an ultimate factor (U.F.)
Seqlual to Ai is defitted.

P

In thNe ideal ituation., the strength degrad.ztion factors ive

kbefn determited by e•,periment or are kdown from previOut experience.
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In reality, however, values for all of these factors reflecting

specific design conditions and materials are rarely known.

Design criteria for determining major Kevlar-29 ribbon parachute

component nominal strength are discussed in the following paragraphs

and summarized in Table 18.

b. Suspension Lines

Summarizing the test data reported in Zection IV indicates that

a peak opening force of approximately 26,000 lbs produced near ultimate

loads in 28 suspension lines made from 2,000 lb nominal strength cord.

This suggests that an ultimate factor for suspension lines would have

the value

2,000(28)=21S~~U.F. = 600 -2.15

and that the product of the degradation factors would be I/U.F. E.4.

A combination of strength degradation factnrs which would produce this

U.F. is listed in Table 16.

In order to select a material strength for suspension lines, a

value for F0 which includes the effects of dynamic pressure, appropriate

opening shock factor, and drag area (from Figure 18 and known full

open drag area) is divided by the number of gores, multiplied by the

U. F. of Table 16 (including other degradation factors as appropriate)

and multiplied by a safety factor chosen by the designer reflecting

the parachute application.

A typical result for a Kevlar-29 parachute reefed 'rom (C1DS)0Fo !•0

to (C D) 26 sq ft and deployed at a dynamic pressure of 600 psf follows:

f0  (CDS) Q X 26(}00)I.2 18.720 lbN

(x 1.2 from Figure 21)
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The suspension line strength, SLS, is then:

Fo 18720 1
SLS -- • (U.F.) SF -Ža- (.4-) 1.5 = 2180 lbs

Where the product of U.F. and SF can be considered the D.F. of Reference 1,

and SF 'a 1.5 was arbitrarily chosen.

If after checking subsequent staging of this parachute, the

example condition produces the maximum F value, selection of Type IX

coreless cord having a 2000 lb nominal breaking strength would be ci-'-

from Table 4.

c. Horizontal Ribbons

Test results for horizontal ribbon failures (Table 14, Figure 20

and Paragraph 8.h.(2) of Section IV), were used as a base from which the

ultimate factor values of Table 17 were derived. These valtues are

representative of the specific test items discussed in Section IV and

apply to two-inch wide continuous ribbons. Application of the Table 17

ultimate factor is as follows:

F
HRSUl g (U..)

and

FHRS - Ng (UF.)(S F)

It is important to note that the Type XT. Class 3 (400 lb nowinal

strength) ribbons (Reference 10 and Table 2) are not recomended for

"parachutes designed for repeated use.

Also included in Table 17 are ratios which rebate horizontal

ribbon ntinal strength (MiRS) with Suspension line strength from the

previous paragraph.

II
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TABLE 16

STRENGTH DEGRADATION FACTORS FOR KEVLAR-29

CORELESS CORD SUSPENSION LINES

(Reference 1, page 414)

Category Value romments

Joint Efficiency .80 Testing of line termination
splices suggest this is a
meaningful value

Abrasion 1.00 No evidence of abraided
mate-ial was ftund on
suspension lines in failure
areas

Moisture 1.00 Test items were essentially
dry

Temperature 1.00 Temperatures were in range

of negligible strength loss

Vacuum 1.00 Not applicable

Convergence (cos ¢) .99 Representative of second
stage. First stage and full
open stage values are .995
and .953 respectively, see
Figures 15 thru 17

Fatigue

Unequal Loading .58 Specific values unknown
combined value reflects

Other experience

A .46 Product containing all
values as factors

U.F. - 2.1 Definition of the ultimate
P Factor
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TABLE 17

DESIGN CRITERIA FOR TWO-INCH HORIZONTAL RIBBONS
IN

KEVLAR-29 CONTINUOUS RIBBON REEFED PARACHUTES

SApplcation Ultimate Factor (I.F. In Terms of SLS

Crown Ribbons
Single Use 1.0 HRS = .46 SLS
Repeated Uses* 1.2 HRS - .55 SLS

Lower Ribbons
Single Use .8 HRS - .37 SLS
Repeated Use* 1.2 HRS = .55 SLS

*400 lb Type XI, Class 3 ribbons should not be used in items deslgnied
for reuse.

d. Radial Ribbons

Radial ribbon strength (one of two plies) equal to one half the

suspension line strength did not result in failures during the testing

except during one test (Test 310877S, Table 8) where radial ribbons
failed after sustaining a total opening force of 2-,156 lbs incurred

due to a reefing failure. Ignoring the uneven loading caused by the

reefing failure an ultimate factor based on this condition is:

UF. fRadial Nominal Strength 1000SFain•- • , 1,10 ;
F /.g 29l.E6/3f

inferring RRS .506 SLS

which supports the practice of choosing total (2.ply) radial ribbon

strength equal to the suspension line strength.

e. Skirt Band

Tensile loads in the skirt band are not the driving factor in

choosing the strength of skirt band material. In reefed parachutes,

bulk and ability to withstand concentrated loading at the stitching which

attaches reefing hardware (rings and cutter brackets) are of primary

consideration. Additionally, stiffness and local strength to withstand
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loadings at radial attachment joints and aerodynamic fluttering during

reefed stages is important but has not been quantified.

Although reefing failures experiences during the testing reported

in Section IV could not be conclusively related to local failures of the

skirt bands, if skirt band failures were assumed, the resulting ultimate

factor would be approximately 2.7 which results in the following
relationship fo- skirt band nominal strength:

F
SBS = -J (2.7) (SF) = 1.25 SLS

The two-inch wide skirt ribbon which is plied with the skirt

band adds tensile strength but is not considered in the selection of the

skirt band. This ribbon is usually relatively thin and has little

resistar.ce to local concentrated loads.

f. Vent Band

The lowest peak force which resulted in failure of a 4000 lb vent

band in the 28 gore parachute was 22,744 lbs (Test 270979S, Tables 8

and 15). This result and several other tests where vent band failure

occurred at somewhat higher peak forces suggests

U.F. =Vent Band Nominal Strength 4000 28 4.92,o0/No 22744
0F0

VIIS (4.92) (SF) and VBS a 2.27 SLS

Vent bands are normally plied to the vent or top ribbon. The

strength attributable to a 3/4 inch portion of this ribbon is neglected

as it is small relative to the vent band strength and since ,the plying

stitching may slightly degrade the vent band strength.

g. Vent Lines

Test experience did not include vent line tensile failures that

could not be attributed to some previous. failure of some other component.

The practice of choosing vent line strength equal to the suspension line
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strength seems equitable. There was evidence of abrasion damage to

vent lines where they cross at the vent center when braided cords

(2,000 and 3,50C lbs nominal strength) were used and when high loadings

were encountered. It is suggested that the thickness rKi '4 vent lines

stacked at the vent center may effect appreciable normal loads which

aid abrasion degradation. This could be prevented by utilizing webbing

for vent lines or by increasirng the ultimate factor when braded cord

must be used. For choosing vent line nominal strength then,

VLS - 1.0 SLS for webbing type material

VLS - 1.5 SLS for braided cords when tensile strength
is greater than 1 ,500 pounds.

3. DESIGN DETAILS

a. Splices and Plying

(1) Horizontal Ribbon

Continuous, two-inch wide ribbons each have one splice which

is sandwiched between two radial ribbon plies. Figure 22 shows a typical

arrangement and Appendix F describes in detail those tplicino configurations

used in the test items discussed in Section IV and many other sp'ice

arrangements which did not meet efficiency requirements. Joift effkciency

for horizontal ribbon splices used in test items ran9ed between 86 and

100 percent based on tensile testing machine unidirectional loading to

failure along the axis of the ribbons. Details desc ibing the maake-up

of these joints and the results of Joint sample tests are cootained in

Appendix F.

Splices in horizontal ribbons were stalaered in i manner

which sepirated the splices of adjacent ribbons by one gore width.

Splices in the extreme upper crown ribbons were covered by

more than one radial rfbtan pair. but this condition was not coisidered

itn the development and testing of the horizOntal ribbon volice.

8r
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TABLE 18

DESIGN CRITERIA FOR SELECTING KEVLAR-29
RiBBON PARACHUTE COMPONENT MATERIAL STRENGTHS

Column Column
1 2

Strenqth Facto-s
Relative to Relative to

Compor.ent (S F)Fo /Ng S LS

Suspension Lines I
SLS AP

Horizontal Ribbons

HRS

Crown single use 1.0 .4(

repeated use 1.2

Lower single use .8 37

repeated use 1 .2 .55

Radial Ribbons RRS
each of two plies

Skirt Band 2.7 1.25
SBS

Vent Band VBS 4.9 2.27

Vent Lines Webbling - 1,00
VLS Cord 750

Component ?Noainjl Strength (S) (S trenqth fac~tor) FqFo

Comaponent -N•n4l Stre"!th - SL$ (Strength FaVct0o7

CL;i~i

ilI

€I



AFWAL-TR-81 -3138

(2) Skirt Band

Figure 23 shows a typical skirt band splice arrangement.

The 1 3/4 inch skirt band webbing was stitched to the bottom horizontal

ribbon and spliced with lap stitching through the ribbon and vertical

tapes which had been previously stitched to the ribbon with ends folded

back between skirt band and ribbon. Skirt band splices were located

at the midpoint of one gore of the canopy assembly.

High efficiencies (above 90 percent) were routinely

obtained for this joint and no failures occurred during parachute testing.

(3) Vent Band

Splices in the three-fourth inch wide vent bands were made

by stitching a 3 point pattern through a 5 1/4 inch lap, th. top ribbon,

and the vent terminations of 3 radial ribbons. Stitching for attaching

the vent lines also is through the vent band and three sets cf this

stitching is through the lap. Figure 24 shows the general arrangement of

the vent band splice. Cross-sectional details can be observed in

Figure 27b which shows vent termination joints for the radials and vent

lines respectively.

Efficiencies greater thart 85 percent were obtained when

samples were pulled along the axis of a straight vent band in a tensile

testing machine.

tes e Vent band failures in parachute testing occurre.d away from
• ~the splices.

(4) Reinforcement Band

Reinforcement bands, three-fourth inches wide were placed

at the position of maximum f;rst stage reefed inflation diameter (see

Figure 19). These bands are plied to the upper edge of a horizontal

ribbon at this location. Splices are formed in a manner similar to

89
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the vent band splice of Figure 24 with plying and lap stitching through

horizontal ribbon, vertical tapes and radial ribbons. Three point lap

* stitching patterns are used and high efficiency (90 percpnt and greater)

is commonly obtained in test samples. Laps for splices are centered on

a radial ribbon.

Reinforcement band failures did not occur in parachute

testing (Section IV).

(5) Radial Tapes

Plying of the two ribbons, which make-up radial tdpes and

which sandwich between them the horizontal ribbons, is shown in

Figure 25. Eight rows of strainht stitching shown, applied by two

passes of a four needle sewing machine, evolved as the most efficient
plying technique.

Several stitching Utchniques were tried in tensile test

samples, including various thread sizes and stitch spacing, fewer rows.

and various combinations of zig-zag and straight stitching.

Tensile testing of plied sa~iples usually indicated

appreciable strength degradations when results were compared to two times

the strength of the radial ribbon material. 'resting of a sample which

consisted of 2 ribbons without stitching indicated that tne test methods

and apparatus used yielded only 80 to 90 percent efficiency for the

unstitched configuration. When stitched test sample results were

co.!Pared to the unstitched results. acceptable efficiencies were evident.

The absence of failures in radial tapes during parachute

testing ckfirms the plying technique indicated in Figure Z5.

b. Termiations and Joints

(1) Pedid1 to Suspension Line

Sus{epsion line5 are attached to the pMrdehutq skirt through

beckets |~O ) foraed fr-w the ends of radial ribbons extended below the

skoLrt. Fioure 26a shows the finished .onfiguration of this joint

92
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and the eye spliced termination of the coreless cord suspension line.

Details of the inner construction and a section are shown in Figures 26b

and 26c.

An internal three-fourth inch, 3,000 lb reinforcement

absorbs concentrated loading, but no anti-abrasion buffer is included.

Eighty to ninety percent of the total radial strength is
retained in tensile test samples of this joint. When lower strength

radial materials are used, efficiency is in the lower portion of this

range. An additional interlayer of material similar to or stronger than

the radial ribbon can be placed in the folded-up ends of the radials

before installing the five point lap stitching to improved efficiency

when lower strength radial materials are involved.

Parachute testing (reported in Section IV) did not result in

failures in this joint or in evidence of abrasion to the suspension line

loop or becket.

(2) Radial to Vent Line

The general configuration for the joint which terminates the

radials at the vent and provides for attachment of the vent lines is

shown in Figures 27a and 27b. Figure 27b shows the location of two

separate reinforcement pieces necessary to distribute the vent line

load across the width of the radials. The internal reinforeement must

be in place when the radial plies are sewn over the horizontal ribbons.

The vent band can then be sewn on and spliced with radial folds as shown.

Next, the outer reinforcement is applied with appropriate folding and

stitching through 1l components. Lastly. the ends of the vent lines

are attached using stitching and, reinforcement te*hniques appropriate

for the vent line material

Whee lower strenqth radial materials were used it was

""eCessary te retain higqer strength tuterials (800 to 1,000 lb nomln4l

strength) for the inner An• outer reinforcedent pieces.

-9_
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Figures 28, 29, and 30 show three variations for attaching

vent lines. Each of these involve double throw zig-zag stitching through

all components in the section of Figure 27b.

When coreless braided cords are used, a length of tý, cord

is inserted into the end of the vent line as a reinforcenmen'. which

prevents failure of the line at the end of the attaching stltchir-. and

in the case of the "Y" attachment (Figure 28), provides the secuna leg

for the "Y". Taperin- of the end of the inserted end of the rein-

forcement is necessary for good tensile efficiency (see Appendix C).

The tapering technique used in the parachute test items (Section IV'

was a simple 45 degree cut.

Joints without the outer reinforcement were successfully

used when vent lines were made of 9/16 inch tubular webbing and when

1,000 lb radial and horizcctal ribbons were used. When lower strength

radial materials were used, efficiencies greater than 80 percent could not

be obtained in tensile test samples.

While considerable time and effort was often expended in

developing efficient joint arrangements, with final results usually less

than 85 percent of the vent line strength, no failures of this joint

were encountered during the parachute testing (Section IV).

(3) Suspension Line

Suspent.ion lines on adjacent gore, can be made.- fe•om tI 5ngle

piece of rore.ess braidedt cord by forming the loop at the ris;!r

terminatioon shown in Figure 1., Thim opvosite ends of the-se linei can be

attached to the canopy as •h•wn in Figure 26a.

Very iiigt efficiencies were routinely obtained for thK-- loops

foe~d it corele~s cora rensile test samples (95 percent ani high,-r).

Tnperfne the inserted en•i in thQ e/e Vclice, at the canopy

Ied 0 ltfiet t atýta nfo good etocfie cies. Refer Io

Appoen hix C for K re infor tion an eye splice- io Kevlar-,'- C L e-t ; CO.d,
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3ME

Fitiure 28. Vent Line to Radidl Joint "Y" Attdchnlent for
Coreless Cord Vent Lines
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Figure 30. Vent Line to Radial J1oint Attachment for Two-Ply Tape
Vent Lines
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Figure 31. Coreless Braided Cord Suspension Line Termination
at Riser
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SECTION VII

FABRICATION

I. PATTERNS

Given selected material strengths and design geometry, patterns are

used for cutting and marking components prior to sewing operations which

form joints at all component intersections and terminations.

a. Relative Position of Components

Patterns for marking materials at cutting points and at positions

where components are to be folded or sewn into position are necessary

to facilitate and maintain constriction consistency.

Marking slots or edges which match parachute geometry and

dimensions are cut into hard, stiff card stock or pattern paper. These

patterns are positioned above or beside material lengths under nominal

tension and marks for cutting and positioning are made un the material.

For continuous ribbon Kevlar-29 parachutes, effective component

joining often requires close control of assembled component relative

position. An important consideration in this area is the angle between

the continuous horizontal ribbons and the radial ribbons and vertical

tapes. Normal nylon construction practice is to stitch all vertical

components at right angles to ribbons in the same manner as radial

ribbons (or vertical tapes located on (lore c.nter lines) where inter-

sections are perpendicular to the horizontal rihbons). Non-centered

- vertical tapes positioned parallel to gore centerlines intersect the

horizontal ribbons at angles which vary with distance from the centerline

and with radial distance measured from the vent center. These relationships

and formnulae for determining the intersection angle between verticil tapes

and tangents to the bottom edge of each horizontal ribbon at the vertical

tape intersections are shown In Figure 32. Table 19 contains values for

these angles considering 2-inch ribbon width, a .601 inch ribbon spacing

and 3 Inches between vertical tapes. Figure 33 shows a simulated

horizontal ribbon marking pattern for positions of radials and vertical

tapes in one gore. Layout of the marking slots in this pattern are

105
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Figure 32. Position Angles Between Continuous Horizontal Ribbons
and Vertical Tapes

106



AFWAL-TR-81 -3138

TABLE 19

ANGLES FOR POSITIONING VERTICAL TAPES ON
CONTINUOUS HORIZONTAL RIBBONS

Ribbon Angle n, (deg.)
Nr 1n,m de.j Vertical Tape Nr n
M _ _ 0 1 2

S1 90.0
2 VALUES APPLY TO:

4
45 Two-inch Wide Horizontal5 Ribbons
7 .601 inch Ribbon Spacing
8 84.2 Three-inch Vertical Tape9 84.7 Spacing10 85.111 85.4 Five Vertical Tapes

12 85.7
13 86.0
14 86.2
j5 86.4

16 86.6
17 86.8
18 86.9
19 87.1 84.1
20 84 .1-~ - -~

2087.2 84.3
21 87.3 84.6

22 87.4 84.8
23 87.5 85.0
24 87.6 85.1
25 87.7 85.3
26 87.8 85.5
27 87.8 85.7
28 87.9 85.8
29 88.0 85.9
30 88.0 86.031 88.1 86.2
32 j 88.1 86.3
33 90.0 88.2 86.4

Vertical Tapes Intersect
Radial Centerlines at
Ribbons 8 and 19 and
are Terminated

107
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based on the ribbon bottom edge along which spacing is measured and from
which angles are measured. Usually one piece of pattern material contains

marking slots for several gores. The pattern is placed over ribbon

material under tension (: 30 pounds for at least 30 seconds) and position

marks made through the slots using colored pencils coded for center

vertical, off-center ve;,ticals, and radials.

b. Fullness in Continuous Ribbons

Due to the geometry of the continunus ribbon conical parachute,

the difference in circumference of the conical surface at the tup and

bottom edges of the ribbon is:

N (2 •)
AC =q 2v (Horizontal Ribbon Width)

For a 20 degree conical canopy (• 6.04 degrees) and with 2 inch wide

ribbons this difference in length is 11.81 inches (constant for all

rihbons). Since ribbons are cut to the bottom edge dimensions, appreciable

fullness in the top edge, especially for the crown ribbons, results. To

alleviate concentrated loading in the lower edges of continuous ribbons
caused by geometric fullness and aggravated by low elongation Kevlar

material, tucks in the ribbon upper edges may be utilized. When this is
desired, patterns for marking these tucks can be made to pro.uce marks

on ribbons as depicted in Figure 34. Tucks are formed by sewing the

tuck lines together at the center of each radial location which positions

the radial locating lines perpendiculav to the ribbon bottom edge. Tuck

angles are determined by dividing the difference in ribbon edge lengths
to be compensated for by tre number of gores and using the ribbon width to

define the angle. In the top ribbon, some of the differential can be
compensated for by take-up in stitching on the vent hand since it is

narrow relative to the ribbons. Compensation for differential in ribbon

edge length may be limited to the crowin ribUons Ahere i•. is a
relatively high percentage of the total ribbon length.
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c. General Kevlar-29 Marking Considerations

Patterns for 'narking components other than horizontal ribbons

generally follow tecnniques used for conventional materials. Low

elongation of Kevl?.r materials de-emphasizes the importance of consistency

of tension in matenrial being marked allowing marking of several pieces

simultaneously. As an example, a simple clamp capable of holding 10 ends

of vertical tar~e material can be used to load 10 vertical tapes for

simultaneous riarking of ribbon location and cutting lines. If take-up

due to stitching is to be accounted for in component layout, take-up

should be experimentally determined using personnel and sewing machines

to be used in production.

2. CUTTING MATERIALS

In general, Kevlsr-29 textile decelerator materials can be cut by

conventional manual methods. Cutting edges of normal manual shears dull

rapidly. Special shears with edges develooed and coated for cutting

Kevlar fabrics were used effectively. Materials for the last six test

items in Table 6 were cut with shears from Penn Associates, Inc.
(Wilmington, Delaware) which performed satisfactorily.

3. SEWiNG

Sewing Kevlar-29 materials can be accomplished using machines and

techniques generally applicable to other synthetic materials. Machine

operators and setup personnel should be aware of the difference in

strength of Kevlir-29 threads which are ne4rly the sme OiUe as typiCal

nylon threads. Damage to sewing machine components can rewult from

improper tension adjustments when larger thread sizes are used.

Sewing experience has shown a tendency of the Kevlar-?9 materials to

dull needles rapidly relative to nylon. Potential excessive strength

degradation due to needle penetration exists if materfals are 5ewn with

dull needlet.

IllI
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SECTION VIII

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

a. General Conclusions

(1) Kevlar-29 textile materials can be successfully applied to

various decelerator system components including risers, suspension lines,

reefing lines, deployment bags, and geometric porosity type parachutes

where unit canopy tensile loading is greater than 200 lbs per inch.

(2) While existing Kevlar-29 textile materials developed for

decelerator system application are generally applicable, the nonavailability

of yarns smaller than 200 denier imposes important limitations when

material strengths less than 200 lbs per inch of width are required.

(3) High joint efficiency (80 to 90 percent of base material

strength) can be obtained in Kevlar-29 materials joint construction

based on unidirectional tensile testing. Some materials combinations

may require several iterations of thread tize, stitching patterns, and

joint arrangement to obtain efficienciis at these levels.

(4) Kevlar-29 threads described in MIL-T-87128 (Reference 8)

are corMpatible with .tandard sewing machines. Sewing machine adjustmoents

should be tade carefully as thete high strength threads can impose high

itressei in machioe parts.

* I b. Conclutions Based on Parachuto Test Results

SConclusion e 1b.3 ft Do evlar.Z9 ribbon pa4refute test
experience within the ranges of test c,5fditioft in Tableý 7 and 8 de 4i

(1) Drop teits. ante iled teit5, produced dr49 area and forc@ data
which 4e equivalelnt Attd wihich exhibit 0mllar tren•d relative to reofiRg

I11IiI
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(2) Reuse of Kevlar-29 ribbon parachutes has been demonstrated

when higher strength horizontal ribbons were used (i.e., ribbons without

the loose weaving imposed by yarn denier limititions).

(3) Two stage reefing of Kevlar-29 15.3 ft .0 20 degree conical

continuous ribbon parachutes has been demonstrated as a reliable and

predictable method for drag area and opening force control.

(4) Rvefing line cutters normally used for cutting nylon lines

were succersful in cutting similar strength Kevlar-29 reefing lines.

(5) Peak forces occurring at the end of inflation to a given

stage vary linearly with dynamic pressure at the beginning of the stage

and the slope of this variation is the product of the average opening

shock factor for this stage and the average drag area evaluated at the

end of the stage.

(6) Breaks in vent bands which occurred early in the inflation
to the first stale dia not catus• significant degradation in the peak

force associated with tiie two reefed stages, but resulted iA smaller

force peaks associated with the full open stage.

(7) Average opening sh(uk factors for Kevlar-29 test items

including both sled and drop test results were 1.17, 1.38 and 1.41 for

first. second and full open stages respectively. Individual values

0ow iniependence on dynamic presý,ure at staging initiation. AMthough

values for, opening ýfWock factor for • single test of a comparison nylon

parachute were 4 to 5 percent lower than the averages for Kevlar-Z9

test items at each stqge, this diffcreitce Is considered insignificant

relative to scatter In Kevlar-29 Wsed shock factor data.

(P) Drag 4re4 expressed as the ratio of drag force t ur't at

-.tAge torfination (Or after reaching full open quasi.equilibrium condition)

te the dy,4.fic priisure at these conditioni can be expressed in terms of

tht reefim r~tto by the oApression.

0C S - F/ (1 ) -10.4

ohd ji indepeadent of dyft4mic pressure over the rang•. •f teit conditions.

11
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(9) Representative times required for Kevlar test items to

inflate to reefed stages and full open are .125, .035, and .070 seconds

respectively for most dynamic pressures. A few data points at the lower

dynamic pressure values for each stage indicated longer filling times.

(10) Average values for projected area at each stage resulted in

the linear relationship with reefing ratio as follows:

Sp 133.3 (RR) -1.33

Overinflation in each of the stages waý. indicated but could not be

identified as a direct factor in generating the staging force peaks.

(11) Oscillation of the Kevlar-29 test items with respect to the

direction of travel through the air mass was small (less than 4 degrees)

for the first two stages. Significant oscillations, triggered by

inflation to full open, damped to 8 degrees or less (based on short full

open Zimes) during sled testing.

(12) All test items utilizing 400 lb tensile strength horizontal

ribbons exhibited severe filling yarn migrations in ribbon free lengths

based on post test inspections. This weave instability is inherent at

the lower limit of tensile strength per unit width imposed by 200 minimum

yarn denier. This material does not produce undue tensile failures but

the migration of yarns would prohibit its use in decelerators which must

be reused.

(13) Test utilizing 400 lb horizontal ribbon material produced

low values for peak forces in the full open stage, low values for opening

shock in the second and full open stages, and longer filling times in the

first and full open stages. The Genton coating, tried on the ribbons

used in test items IH-7, IH-8 and IH-9, was ineffective in preventing

weave distortions or changing performance characteristic of items utilizing

400 lb horizontal vibbons.
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(14) Vertical tapes parallel to gore centerlines (but off the

gore centerline) should not be sewn perpendicular tc the edges of

horizontal ribbons, but should form angles which preserve correct

geometric shape and prevent stress concentrations (see Section VII).

2. RECOMMENDATIONS

Kevlar-29 materials should be considered in decelerator system design

when requirements include minimum weight, low volume, high strength, or

strength at high temperature.

Based on the results of testing efforts utilizing the test items and

testing described in Section IV, the design criteria for Kevlar-29

ribbon parachute component materials (see Table 18) were derived. These

criteria are recommended for similar parachute designs.

Since no prospect for availability of Kevlar-29 yarns smaller than

200 denier is evident, it is recommended that further effort be conducted

to develop a coating for woven materials with tensile strengths less than

300 lbs per inch of width (yarn migrations (slippage) and joining

problems were observed in 2-inch wide ribbons having tensile strengths

less than 600 lbs). This coating should add little weight, hold yarns in

place in sewn joints and during aerodynamic fluttering, and be compatible

with pressure packing and environmental requirements.

1 If5I
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Appendix A

Draft

Tentative Military Specification

for

CLOTH. PARACHUTE, CARGO AND DECELERATION,

PARA-ARAM4IU, INTERMEDIATE MODULUS

This specification is mandatory for use by all Departments

and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers canopy fabrics made from para-

aramid, intermedite modulus yarn for fabrication of parachutes.

1.2 Classification. The cloths shall be of the following types as

specified (see 6.2):

Type I - 3.0 ounces per yard, maximum weight.

Type 11 - 2.0 ounces per yard., maximum weight.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation

for bids or request for propoWal. form a part of this specification to thI

extent specified herein.

'PECIFICATIO?4S

federali

fePPP-P-113) Pckaging and Pacfkig of Synthetic Fiter Fabriec

I ~WN as &LA4 n& . .. "'•i i ,S i ... ...
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Cloth, Parachute, Cargo and Dec.eleration
Para-aramid, Intermediate Modulus

Military

MIL-STD-105 Sampling Procedures and Tables for Inspection

by Attributes

(Zopies of specifications, standards, drawings, and publications required

by supp'iiers in connection with specific procurement functions should
be obtained from the procuring activity or as directed by the contracting

officer.)

2.2 Other Publications. The following document forms a part of this speci-

fication to the extent specified herein. Unless otherwise indicated, the

issue in effect on date of invitation for bids or request for proposal shall

apply.

Laws and Regulations

Ruies and Regulations under the Textile Fiber, Products Identification

Act

(Copies may be obtained from the Federal Trade Commission, Washington DC

20580.)

3. REQUIREMENTS

3.1 Material.

3.1,1 Kevlar Yarn. The yarn used in the manufacture of oil types of para-

chute cloth shall be a para-aramid, intermediate modulus type (see 6.6).

3.1.1.1 Denier and Twist. The yarn used in the manufacture of the cloth

shall be of the denier and twist specified in Table I. (Note: A twist desig-

nation of zero signifies that no twist is to be added to the producer's

twist as delivered.)

3.2 Weave.

3.2.1 Type I. The weave pattern for Type I and II cloths shall be a plain

weave.

118b ib
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Cloth, Parachute, Cargo and Deceleration
Para-aramid, Intermediate Modulus

3.3 Physical Properties. The physical properties of the finished cloth

shall conform to Table I.
TABLE I

PHYSICAL REQUIREMENTS

Type I Type II
Yarns per inch (min)

warp 48 36
filling 48 34

Yarn denier 200 200
Yarn ply

warp single single
filling single single

Yarn twist
warp 5.0 0
filling 0 0

Weight (ozisq yd) (maximum) 3.0 2.0
Breaking strength (lb/inch) (minimum)

wa rp 350 230
filling 350 220

Air permeability (cu ft air/min/sq ft at 50 to 90 50 to 90
1/2 inch water pressure)

3.3.1 Dimensions.

3.3.1.1 Width. Unless otherwise speci.fed, the overall width of the finished

cloth shall be 36.5 + 0.5 inches (see 6.2).

3.3.1.2 Length and Put-up. Unless otherwise specified, the cloth shall be in

continuous pieces, each not less than 50 yards. The pieces shall be put up on

rolls as specified in PPP-P-l133 (see 6.2). Shorter cuts may be included in

accordance with the following schedule:

75 percent of total yardage in cuts 50 to 150 yards
15 percent of total yardage in cuts 25 to 50 yards
10 percent of total yardage in cuts 15 to 25 yards.

3.4 Fiber Identification. Each piece shall be labeled or ticketed, and
invoiced for fiber content in accordance with the rules and regulations under

the Textile Fiber Products Identification Act (see 4.2.1.1.2).
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Cloth, Parachute, Cargo and Deceleration
Para-aramid, Intermediate Modulus

3.5 Identification of Product. Each roll of finished cloth shall be marked

for identification in accordance with PPP-P-1133. In addition, each piece of

cloth in each roll shall be clearly and legibly marked with the finisher's

roll number or code, and each roll shall have attached a durable tag on which

the finisher's roll number or code is listed. The date of manufacture of the

cloth shall be included on the tag attached to each roll.

3.5.1 Age. The cloth shall not be more than two years old from date of

manufacture of the yarn to date of delivery of the cloth.

3.6 Workmanship. The finished cloth shall be clean and evenly woven and

shall conform to the quality and grade of product established by this speci-

fication, and the occurrence of defects shall not exceed the applicable

acceptable levels.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection. Unless otherwise specified in the con-

tract or purchase order, the supplier is responsible for the performance of

all inspection requirements as specified herein. Except as otherwise speci-

fied in the ccntract or order, the supplier may use his own or any other

facilities unless disapproved by the Government. The Government reserves the

right to perform any of the inspections set forth in the specification where

such inspections are deemed necessary to assure supplies and services conform

to prescribed requirements.

4.1.1 Certification of Compliance. The supplier shall submit certificates

of compliance for the following characteristic:

Characteristic Requirement Paragraph
Age of cloth 3.5.1

4.2 Inspection for Acceptance. Sampling for inspection shall be in accordance

with MIL-STD-O05, except where otherwise indicated herein.
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Cloth, Parachute, Cargo and Deceleration
Para-aramid, Intermediate Modulus

4.2.1 Examination of Product.

4.2.1.1 Yard-by-Yard Examination. A sufficient number of rolls shall

be selected at random from in inspection lot so that the required sample

yardage will be obtained by inspecting approximately 25 consecutive

yards out of each sample roll. The required yardage of each piece shall be

examined and the visual defects classified as listed in Table II. The

sample size shall be in accordance with inspection level III of MIL-STD-

105. The acceptable quality level expressed in defects per 100 units

(yards) shall be 2.5 for major defects and 10 for total defects. The lot

size shall be expressed in units of one yard each. The unit of product for

this examination shall be one linear yard (i.e., increment of one yard on the

measuring device of the inspection machine).

4.2.1.1.1 Flagging of Defects. Each major defect shall be flagged by a

red string sewn in the selvage. A continuous defect shall be flagged
by a single red string sewn into the selvage for each yard containing the

defect.

4.2.1.1.2 Examination for Compliance with the Textile Fiber Products

Identification Act. During the yard-by-yard examination each roll shall be

examined for fiber identification. The lot shall be unacceptable if two or

more rolls in the sample are not labeled in accordance with the rules and

regulations under the Textile Fiber Products I-entification Act.

4.2.1.2. Overall Examination. During the yard-by-yard examination, each

piece shall be examined for overall defects. The unit of product for

overall examination shall be one piece. Each piece shall be examined and,

should any piece contain any of the following defects, the lot represented

shall be rejected:

a. Objectionable odor

b. Uncleanliness throughout

c. Uneven weaving.

4.2.1.3 Examination for Length.
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Cloth, Parachute, Cargo and Deceleration
Para-aramid, Intermediate Modulus

4.2.1.3.1 Individual Rolls. During the yard-by-yard examination, each

roll shall be examined for length. Any roll length found to be less than

the minimum specified, or more than two yards below the length marked on

the ticket, shall be considered a defect with respect to length.

4.2.1.3.2 Total Yardage. The lot shall be unacceptable if the total of
the actual lengths of roll examined is less than the total of the lengths

marked on the ticket.

4.2.2 Samples for Testing of End Item. An inspection lot will consist of

the finished para-aramid, intermediate modulus cloth of one type, made

under essentially the same conditions and presented for inspection at the

same time. The lot size shall be expressed in units of one yard. The

sample unit shall be four continuous yards, full width of the finished cloth.

The sample size shall be in accordance with level S-2 of MIL-STD-105. The

acceptable quality level shall be 1.5 percent defective. Except for lot

sizes up to 3,200 yards, the sample size shall be 3, acceptance number 0,

and lots 3,201 to 10,000 yards, the sample size shall be 5, acceptance

number 0.

TABLE II. CLASSIFICATION OF DEFECTS

Defect Description M Minor

Abrasion mark Any abrasion mark showing
fuzziness X

Biased filling More than two inches from
horizontal at greatest point
of bias X

Bowed filling Filling bow more than two
inches in height (as measured
from a straight line cord to
highest point of arc). X

Broken or missing Two or more contiguous X
end regardless of length

Single, more than 18 inches
missing X
Single, 18 inches or less
missing X

Broken or missing Two or more contiguous X
pick regardless of length

One pick full width X

122
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TABLE II. CLASSIFICATION OF DEFECTS (cont)

Defect Description Major Minor

Coarse filling Clearly noticeable 1/ and extending X
bar for more than one inch in the length

direction of the cloth
Clearly noticeable l/ and extending X
for one inch or less in the length
direction of the cloth

Crease Hard, embedded crease X

Cut, hole or tear Any X

Distortion or slip- Any distortion or slippage of warp X
page of threads or filling threads that cannot

readily be reset by hand

Fine filling bar, Any clearly noticeable 1/ fine filling X
thin or light bar, thin or light place, or light
place or light Set mark
set mark
Floats or skips Any multiple float three-sixteenth inch X

square or more
Single floats one-fourth inch or more X
in length
Contiguous floats or pin floats 2/ X
the sequence of which measures one inch
or more in length
Any multiple float up to three-sixteenth X
inch square
Single floats up to one-fourth inch X
in lengths
Contiguous floats or pin floats 2/ the X
sequence of which measures less than
one inch in length

Heavy filling bar Over one-eighth inch in width and varying X
or heavy place 10 percent or more from normal pick count

Over one-half inch In width and varying X
less than 10 percent for norma. pick
count
One-eighth inch or less in width and X
varying 10 percent or more from normal
pick count
One-half inch or less in width and X
varying less than 10 percent from
normal pick count

123
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TABLE II. CLASSIFICATION OF DEFECTS kcont)

Defect Description Major Minor'

Hitchback (warp Resulting in a thin place three- X
catch) eighth inch or more in combined

warp and filling direction

Jerked-in filling Two or more additional yarns in the X
or slough-off shed

One additional yarn in the shed X
Note: One-half inch :;r less shall

not be considered a defect

Loops, kinks, or All over one-eight): Inch long X
snarls (except Three or more (in any linear yard) X
selvage) up to one-eighth inch in length

Up to two (in any linear yard) one- X
eighth inch or less in length

Mispick or double Three or more i•dditional picks in the X
pick shed

Two picks X

Misweave Pattern not conforming to specified X
weave

Pick-out mark Resulting in a clearly noticeable I/ X
thin or thick place

Pinholes or yarn Over six pinholes or yarn deformations X
deformations occurring within an area equal to a

six-inch diameter circle
Three to six pinholes or yarn deforma-
tions occurring within an area equal
to a six-inch diameter circle

Selvage cut, Any cut. broken torn or scalloped X
broken torn, or selvage
scal loped

Selvage slack or Clearly noticeable 1/ waviness along
wavy selvage edge when viewed without

tens ion

Selvage stringy More than three Inches of continuous X
or loopy stringy or loopy selvage projecting

one-eighth inch or more
Continuous stringy or loopy selvage
projecting up to one-eighth Inch

1 Z4
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TABLE II. CLASSIFICATION OF DEFECTS (cont)

Defect Description Major Minor

Selvage tight Any clearly noticeable 1/ roll of X
edge or edges when tension is
released

Slubs or strip More than five over one-fourth inch in X
back3/ length

Two up to and including five over one-half X
inch in length
One over one inch in length X
Five or less over one-fourth inch but not X
exceeding one-half inch in length
One over one-half inch but not exceeding X
one inch in length

Smash Any smash A

Spot, strain or Single ends or picks 15 inches or X
streak (not more in length
applicable to dye Double ends or picks eight inches or X
streaks) more in length

Over two ends or picks five inches or X
more in length or a clearly
noticeablel/ area more than one-fourth
square inch in area, whichever is
greater
Single ends or picks 2-1/2 inches X
up to 15 inches in length
Double ends or picks 2-11/ inchei X
up to 8 inches in length
Over two ends or picks less than five inches X
in length or a clearly noticeable
areal/ one-fourth square inch or less in area.
whichever is greater

Weak place Any weak place I

Width Beyond specified tolerance% I

Wrong draw Resulting in a clearly v1siblel/ I
warpwise streak more than 18 inches
in length

_/ ClMarly noticeable at normal inspection distance (3 feet).
•/ A pin float is defined as a float measuring one-oighth inch or les.I

Single pin floats shall not be considered o Wenct.
3/ A strip back is defined as a broken filanent(s) wrapped around

the ramining yeaen forming an enlarged area resebling a slub.
I z5
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4.2.3 Testing of the End Item.

4.2.3.1 Testing Methods. The methods of testing in FED-STD-191, wherever

applicable, as listed in Table 111, and as specified herein shall be fol-
lowed. The physical values specified in Section 3 apply to the average

of determinations made on a unit of product for test purposes as specified

in the applicable test methods.

TABLE III. TEST METHODS

Test Characteristics Requirement Paragraph Test Method

Weave 3.2 Visual

Yarns per inch Table I 5050

Yarn Ply Table I Visual
Weight lable I 5041

Breaking strengthl/ Table I 4108

Air Permeability2/ Table I 4.2.3.1.1

Width 3.3.1.1 5020

1/ Except that there shall be a five-inch unsupported length between the

jaws, and the speed of the pulling jaw shall be 2 1/2 inches per

minute.

Z/ The air permeability requirements shall be tested at one-half inch of

water differential pressure.

4.2.3.1.1 Air Permeability. The test spucimen shall 4e seven inches long

and the full width of the cloth. The air permeability test shall consist

of five individual readings made in accordance with Method 5450.1 of
FED-STD-191, The individual readings shall be equally spaced acrosi the

width (between selvages) of the test specimen except th4t nfo roddings
shall be taken within an area from the selvage equal to 10 percent of
the specimen width. The air pemeability of the test specfmen shall be

the arit.metic aean or average of the five itdividu4i readings.

I 126
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4.3 Examination and Preparation for Delivery. An examination shall be
made in accordance with the provisions of PPP-P-1133 to determine that

packaging, packing and marking requirements of Section 5 of this specifi-
cation are complied with.
5. PREPARATION FOR DELIVERY

5.1 Packaging. Packaging shall be level A or C as specified (see 6.2).

5.1.I Levels A and C. The cloth, put-up as specified, shall be packaged
in accordance with the applicable requirements of PPP-P-1133.

5.2 Packing. Packing shall be level A, 8, or C as specified (see 6.2).

5.2.1 Levels A, B, and C. The cloth shall be packed in accordance with
the applicable requirements of PPP-P-1133.

5.3 Marking. In addition to any special marking required by the contract
or order, shipments shall be marked in accordance with the applicable

I• requirements of PPP-P-1133.

6. NOTES

6.1 Intended Use. The para-aramid, intermediate ,iodulus cloth is intended

for use in the manufacture of carqo and deceleratioi, parachutes.

6,2. Ordering Data. Procurement documents should specify the following:

a. Title, number and date of this specification.

b. Type and class (1.2).

c. QuAntity.

d. Width, if other thin specified in 3.31.1.

e. Length and put-up t, ,,
,f. Selection of the applic¢ii levels of packaging anfd packing

127
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6.3 Twisting Precautions.

1. Feed roll speed should be as follows for various para-aramid,

intermediate modulus yarns and twist levels:

Yarn Denier Twist (tpi Feed Roll Speed
-yards per min),

200 5.0 70

400 4.0 90

1000 4.0 60

1500 and greater 1.8 20

2. Slightly heavier travelers than those used for nylon yarn

should be used.

3. High humidity should be maintained to minimaize eectrostatic

charge betweern filaments.

6.4 Winding Precautions. "Anti-wear" wide tension gates (Leesona Corpo-

ration), or their equivalent, should be used.

6.5 Weaving Precautions.

1. PTFE coated heddles (precision Czoating Co., Inc., Dedham, Mass.),

or their equivalent, may be used to minimize yarn abrasion.

2. Warp line should be level.

3. Loom(s) selected for weaving para-aramid, intermediate modulus

yarns mult be in gotid running condition with minimum wear or

"Oplay* in various mechanical components.

4. Warp beata should niot be more than one-half inch wider than

required width of finished fabric.

12&
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5. Friction take-up rolls should be as smooth as possible, con-

sistent with maintaining tension. Cork or rubber may be used for

fine denier yarns and, if necessary, fine sandpaper for heavier

deniers.

6. Due to the low extensibility of para-aramid, intermediate modulus

yarn it is important that uniform yarn length be maintained at

all times across the entire set of warp yarns.

7. Avoid contact of para-aramid, intermediate modulus yarn with

rough surface or sharp edges in order to minimize damage.

8. High humidity should be maintained during weaving.

6. Kevlar-29 yarn manufactured by the E. I. DuPont deNemours and Company

and identified as 200-134-0 Type 964 is an acceptable yarn.
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APPENDIX B

DRAFT SPECIFICATION FOR KEVLAR-29 TENSILE TESTING

The following text and drawings are taken directly from Reference 12

and are included here due to the importance associated with proper testing

techniques and apparatus required for many Kevlar-29 materials.

Draft Specification for Tensile Testing of Kevlar Materials

These paragraphs are proposed as an insertion into Section 4.4 of the

Military Specifications for tapes and webbings, MIL-T-87130 and for tubular

webbings, MIL-W-87127 (References 7 and 10). In each specification, the

test method reference in Table IV under breaking strength should be changed

from 41082/ to 4.4.1, and footnote 2 should be deleted.

4.4.1 Tensile Tests

4.4.1.1 Jaw Design. All tensile tests must use double pin jaws of

the design specified in Figure 15.

4.1.1.2 Machine Adjustment. Mount the jaws with careful attention

to rotational and axial alignment. Set the speed of the moving jaw at I +

1/4 inch per minute (2.5 + 0.5 cm/min), and thL initial jaw separation such

that the distance between the tangent points where the specimen firit touches

the primary (large diameter) pins is 1Z + 0.1 inch (30 + 0.2 cm). (See

Figure 16. This should read Figure 2 for MIL-T-87130 and Figure I for
MIL-W-87127. )

4.4.1.3 Specimen Size and Number. Each speLimen shall be the full width

of the tape or webbing and 60 inches (150 cm) long. Test five specimens,

or enough to get five acceptable breaks.

NOTE: An acceptable break can only be defined as one which occurs

in the unsupported length of the specimen between the primary pi, tangent

contact points or at the centact points, ýut not within the material which is

wrapped around each double pin jaw, ard which ii characteristic .f the

130
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material being tested. Ideally, all the warp yarns should break

simultaneously and cleanly and, when warp yarn tensions are carefully

balanced in weaving, subsequent handling and testing, this will occur.

Because of Kevlar's low elongation and high modulus, however, warp yarn

tension unbalance can easily occur. This leads to a break in which the

yarns fail sequentially or in groups, and may initiate a tearing type of

failure. Breaks of this nature give a low value for breaking strength.

If this type of break occurs in only one or two of the five specimens,

it should be considered untypical and the test result discarded, and

additional specimens teste. to obtain 5 acceptable breaks. If more than

two of the five breaks involve sequential yarn failure, or other

unde.irable breaking mode, and no testing inadequacies can be identified,

weavng ,iunFtiformities may be indicated, and the failure mode must be

considered typical for the material being tested. In this case. even

if all of the breaking load values exceed the specified strength,

acceptance of the material or decision to reweave in an attempt to improve

the failure mode must be subject to the discretion of the buyer.

It is essential that the nature of each break be carefully observed

and recorded, in order that an assessment can be made of whether

unacceptable breaks are due to deficiencies in weaving or in testing.

4.4.1.4 S,•eciae_ Mountinp. Wrap the specimen around the primary

and se.ondary pins of each jaw as shown in Figure 16. (This should read

Figure 2 for MIL-T-87130 and Figure I for MIL-W-87127.) Be careful to keep

all legs of the specimen in aligement with the direction of stress applica-

tion. and successive wraps exactly i" line. This is important to ensure

uniform stress distribution in the specimen. For materials having a streftgth
( less than 500 pounds per inch of width. or for stranger materials which are

( ~not breaking dcceptahly. iwitr! A double layer of €elten fabric x)18
10", 4.4 cm x 25 cm) (clotk. Oilesia. cotton. MIi-C-326) between the two

layers of Kevlar which pass arroun the priiury pin in both top and bottom

jaws.
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4.4.1.5 Report. Report the average breaking load obtained from

five acceptable breaks, as well as the highest and lowest values observed.

. ,If the breaks are not all acceptable, identify and describe the nature of

each unacceptable break. NOTE: Such descriptions may be "individual warp

yarn breaks scattered throughout the free length of the specimen"; "break

initiated at the edge(s) of the specimen followed by a rapid failure of the

remaining warp yarns"; "break initiated at one edge of the specimen, followed

by sequential warp yarn breaks proceeding across the specimen in the manner

of a tear"; "several unbroken warp yarns remain after an otherwise acceptable

break."

1 "132
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Figure 15. Double Pin jaw (Sheet 1 of 7)
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AFWAL-TM-8I-60 FIER SECTION I

INTRODUCTION

1. BACKGROUND

A lightweight, high strength fiber developed by the DuPont Company and

sold under their trade name, "Kevlar-29," has been used as a basis for many
decelerator materials including broad fabric, webbing, ribbons, sewing

thread and braided cord. Kevlar decelerator materials offer the decelerator

systems designer the potential for weight and volume reductions of 50

percent when compared to nylon systems of equivalent strength and 70 percent

strength retention at the melting temperature of nylon. The Flight Dynamics

Laboratory and the Materials Laboratory of the Air Force Wright Aeronautical

Laboratories have sponsored efforts to develop woven, braided and twisted

materials based on DuPont yarns.

During development of Kevlar woven materials it became apparent that

apparatus commonly used for tensile testing similar nylon materials were not

suitable for the thinner, high modulus materials. Tensile testing of

Kevlar-29 cord done as a part of efforts to develop materials and to study

the effects of abrasion on tensile strength has utilized split capstan or
double pin jaws. The results produced during these efforts have included

few tensile breaks in test sample free lengths with most failures

occurring at the departure or tangent point where the sample free

length begins. Additionally, results have yielded unreasonably low

failure values which were usually discarded. Efforts to develop suitable

tensile test sample termination apparatus (Reference 12) resulted in
configurations suitable for narrow fabrics but did not address Kevlar

braided cord. Kevlar braided cords have been used successfully for

parachute suspension lines but the effect of the decelerator loads on

strength is unknown, so an effort was needed not only to establish

suitable test apparatus and methods but also to determine the effects,

if any, of parachute opening loads (the largest decelerator loads) on the

strength of the Kevlar suspension lines.

1
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2, SCOPE

The purpose of this work was to determine the best of several test

sample termination configurations. In doing so, a data base would be

established which could then be compared with data from tensile testing

of suspension lines taken from parachutes previously tested by the Flight

Dynamics Laboratory; the effects of decelerator loads on strength degradation

could then be determined.

A total of 174 tensile tests were conducted to establish failure

loads for 3 types of Kevlar-29 coreless braided cord with rated strengths

of 1500, 2000 and 3500 pounds. A total of 10 test sample termination

config;.Frations in ccnjunction with 3 different termination apparatus were

compared. Three different crosshead speeds were compared to determine

their effects un breaking strength. Suspension lines fabricated from the

same 3 cord types were removed from drop and sled tested parachutes and

27 tensile tests were run for indications of strength loss.

146



AFWAL-TR-81-3138

AFWAL-TM-81-60 FIER SECTION II

TENSILE TESTING

1. EQUIPMENT

All testing at Wright-Patterson Air Force Base was done using the

Instron Model TT-C tensile testing machine (Figure 1) operated by AFWAL/MLBC

in Building 32, Area B. Samples were loaded onto the machine utilizing

various termination arrangements and elongated constantly from zero load

to rupture.

An integral strip recorder continuously recorded load data in the

following manner. Graph paper was fed vertically at some constant rate

past a marking pen that travels horizontally in a track. The distaný-e

the pen travels from the right edge of the graph varies linearly with the

i --

Figure 1. Instron Tensile Testing Machine'

3
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load on the test sample. Because paper speed and crosshead speed are both

constant, the resulting plots can be interpreted as load vs time or load

vs elongation. A representative plot is shown in Figure 2.

Equation for time:

time (min) =length of paper (in.)
paper speed (in./min)

Equation for elongation:

Elongation (in.) = Crosshead speed (in./min) X time (min)

length of paper (in.)
paper speed (in./min)

The paper began motion at the beginning of loading and was stopped

after rupture so that total time to rupture is equal to the total length

of paper fed past the pen (for that one test) divided by the paper speed.
Crosshead speeds of 0.2, 1.0 and 1.5 in./min were used to determine the

effects of elongation rate on breaking strength and breaking strength

variance.

Four inch drum diameter split capstan jaws (Rei..ence 6), double

pin jaws (Reference 12), and three-fourth inch pins were used for test

sample termination (Figure 3).

2. MATERIALS

The Kevlar-29 coreless braids used for data base and termination
configuration testing were of Types VIII, IX, And X as described in

MIL-C-87129 (USAF) (Reference 9) and were manufactured by FWF Industries,
Inc, in May and June 1979. These have rated breaking strengths of

1500, 2000, and 3500 lbs respectively. All samples of the same type

braid were taken from the same spool. Sections of braids with spliced
carriers or visible irregularities were not used.

4
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Suspension lines of the same types as those used for data base

testing were taken from parachutes previously tested by the Flight Dynamics

Laboratory. These samples were tested to determine the effect of parachute

opening loads on strength degradation.

3. METHODS

Connection of test specimens to the Instron was accomplished with

double pin jaws, split capstan jaws or three-fourth inch pins inserted

through finger-trapped eye splices in each end of the sample. Cord

samples were arranged in termination configurations to have a free

length of approximately 18 inches. When jaws configurations were used,

free length was defined as the distance between tangent points where

specimens depart from cylindrical surfaces. For the eye splice/pin

termination the free length is the distance between the inserted ends

of the cord.

A total of 18 samples were tested using the double pin jaws. Ten

were wrapped in configuration P1 (see Table 1) as shown in Figure 3.

Stop knots were required when tying the tail to the length of material

between the primary and secondary pins to prevent slippage of the double

half hitches during loading. Eight samples were wrapped in configuration

P2 (see Table 1) as shown in Figure 3. Stop knots were also used to prevent

slippage. Eighteen samples were pulled on the split capstan jaws
(configuration S in Table 1) as seen also in Figure 3. One hundred

thirty-eight samples were tested by first splicing a loop in each end

and then connecting them to the Instron with three-fourth inch pins

inserted through the eye splices (see Figure 3). The 27 samples taken

from the drop and sled tested parachutes were also connected with

eye splices.
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AFWAL-TM-81-60 FIER TABLE 1

DESCRIPTION AND KEY TO SYMBOLS OF TEST SAMPLE TERMINATION
CONFIGURATIONS AND BREAK POINTS

Symbol Description

S Split capstan jaws.

Jaws P1  Double pin jaws wrappi• so that no wraps cross
Configura- on the primary pin.
tions
(Fig 3) P2  Double pin jaws wrapped so that free length

contacts primary pin between other two turns and
crosses under second turn on opposite side of pin.

A Untapered

B Eight carriers removed at even intervals.

C Twelve carriers removed at even intervals

Eye D Taper was accomplished by fraying the end four
Spliced inches and cutting to produce an even taper.
Configura-
tions E Eight carriers were cut four-inch from end.
(Fig 4, Seven more were cut at even intervals to the end.
5, 6)

F End was "split" before insertion by cutting up
the middle of the end for two inch to insure
cutting all carriers. Scrap was then pulled
off leaving a short smooth taper, Insertion
length varied uncontrolled from three inch to
six inch (applicable to three samples only).

G End was tapered in the same manner as "F" above
except that insertion length was controlled to
six inch.

T Tangent point of contact of free-length to jaw drum.
(applicable only to jaws configurations).

Break I End of insertion (applies to eye spliced
iPoints configurations only.

M Free length.

6
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4 I4

Figure 2. Representative Plot from Irnstron
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Sample preparation for split capstan or double pin jaws merely consists

of cutting from the spool a 96 inch length of braid. The general procedure

used for the preparation of the eye-spliced samples is illustrated in

Figure 4 as follows.

Step 1. A 52 inch length of braid is cut from the spool and ink marks

are placed at 6, 11, and 18 inches from each end.

Step 2. A 2-foot length of 0.04 inch diameter steel wire is folded in
half and inserted folded end first into the braid at one of the

18 in.h marks and out at the corresponding 11 inch mark. Care

should be taken to part the carriers cleanly at the entrance

and exit points so as to avoid splitting yarns with the folded

wire.

Step 3. The end of the sample is then wedged into the fold in the wire
and pulled back into the braid center by withdrawing the wire

back through the section between the 11 and 18 inch marks.

Step 4. The end now protruding from the 18 inch mark can be tapered in

accordance to one of the taper configurations as described in

Table I and shown in Figure 6.

Step 5. At this point, the 6 inch and 11 inch marks are held firmly
together to prevent slippage while the outer sleeve (section

between the 11 inch and 18 inch marks) is *massaged' so as to

fit saugly around and completely enclose the insertion.

Step 6. A stitch o? nylon E thread is now hand sewn through the outer
sleeve 4nd insertion about an inch from the 11 inch mark to
prevent the insertion from slipping about inside the outer

sleeve.

These steps are performed for both ends and result in a sample length

of approximately 34 inches b, th about 18 inches of free length between

9
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the ends of insertions. The circumference of the loop (eye splice)

is five inches; a completed eye splice is shown in Figure 5.

Eye splices with "split end" tapers (configurations F and G are con-

structed using this same method with the following exceptions.

a. A 54 inch length of braid is initially cut from the spool.
b. The ends are tapered before insertion.

c. After tapering, ink marks are placed at 6, 11, and 18 inches

from each end and then the ends are inserted as per Step 2 in the general

procedure discussed on the previous page.

Except where otherwise noted, the end four inches of the six inch

inserted ends were tapered in accordance with one of the configurations

described in Table I (Figure 6). Except for split end tapers, a specified

number of carriers were pulled out at specified intervals along the four

inch end section and cut off as close as possible to the braid to accomplish

the taper.

Elongations of the free length of nine samples were obtained by

measuring the distance between two ink marks on the free lengths at various
loads; data is listed in Tdble B-3. Exc:ept where otherwise noted, crosshead

speed was 1.0 in./min.

S6"

I '
r-r

Figure 5. Completed Eye Splice
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RESULTS

I. TEST DATA

Individual test data are liited in Appendix B in Tables B-la, lb, and

Ic according to braid type, crosshead speed, and jaw or taper (attachment)

configuration; the symbols used in these tables are listed and defined in

T.Tble 1. Tables B-2a and b contain data from the parachute suspension
line tests. Free length elongation data is listed in Table 0-3.

Elongation (in.) - length (in.) - initial length (in.)

Percent elongation = elonation X 100 percentinitial engt

The above definitions are correct when initial length is unstrained

length. Since the samples were loaded slightly (see Table B-3) during the

measurement of initial length, the initial length is not quite equal to

unstrained length. There was no way around this discrepancy, however, and

the error introduced is small when using the above definitions for slightly

strained initial lengths.

2. DATA SUGARY

Average breaking strength, standard deviation, add coefficient of

variation for each group are listed in Tables 2 and 4 and were calculated

using the following equations.

Average breaking strength (Ibs) EX

where X breaking Strength (lbs) and N population

! Stanrd kviatiun

Standard DeviationCoefficient of Variation A-eag X~@kn 10r0gt
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AFWAL-TR-81-3138

AFWAL-TM-81-60 FIER SECTION IV

DISCUSSION

1. CROSSHEAD SPEED

The effect of crosshead speed on breaking strength was not very
pronounced except that those samples tested at 2.5 in./min had much less
data scatter than those pulled at the two lower speeds of 0.2 and 1.0 in./min.
Coefficients of variation for breaking strength values of sample pulled
at 2.5, 1.0, and 0.2 in./min were 3.70, 7.91, and 8.72 respectively.

The average value of breaking strength for the samples pulled at
0.2 in./min was slightly less than the average values for the other two
crosshead speeds by about one standard deviation (see Table 2). Included
in this average is an extremely low value of 3700 lbs for test 72 (see Table
B-1c) which is lower than the average by 1.74 standard deviations. Had
this value been left out, the average would be 4492 lbs and standard
deviation would be 224 to give a coefficient of variation of 4.98 percent.

None of the samples pulled at 0.2 in./min broke in the free length
while the percentage of free length breaks at the other two speeds of
1.0 and 2.5 iA./min were about the same at 37 percent and 33 percent

respectively.

Obviously, tho~e samples pulled at higher or lower crosshead speeds
took proportionally shorter or longer times from zero load to rupture

since the rupture leads were about equal.

F_ 2. SPLIT CAPSTAN JAWS VS DOUBLE PIN JAWS

Saiaples pulled using the split-capstan jaws (configuration S) had in
rams

all cases nigher breaking strength values by over three standard deviations
than those puliled using the double pin jaws. Coefficients of variations

were lower for split capstan jaws than for double pin jaws in all cases

but one (Type IX, Jaw Configuration P,).
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AFWAL-TR-81-3138

AFWAL-TM-81-60 FIER TABLE 2

SUM14ARY OF TEST DATA

Average Standard Coefficient
Oraid Termination Breaking Deviation of
Type Configuration Strength (Ibs) Population (ibs) Variation

P1  1533 4 59 3.82

S 1694 5 24 1.42
A 1613 3 47 2.93
B 1807 3 38 2.10

VIII C 1840 3 20 4.09
0 1727 3 74 4.27
E 1817 3 21 1.15
F 1763 6 110 6.26
G 1753 12 42 2.39

P1  2043 93 4.55

P2  2092 5 66 3.18

S 2360 5 77 3.25
IX A 2323 3 32 1.38

B 2300 3 191 8.30
C 2427 3 59 2.41
F 2397 3 32 1.34
G 2343 12 79 3.36

Pl 4143 3 125 3.02

P2  3983 I80 4.51

S 4604 8 138 3.00
"A 4460 3 157 3.52

B 4706 18 325 6.91
x B CROSSHEAD

SPEED = 0.2 in./min 4330 6 380 8.72
B CROSSHEAD

SPEED .Z.5 in./um 4593 6 170 3.70
C 4943 3 166 3. 36
F 4633 3 505 10.90

G 4821 15 190 3.94
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AFWAL-TM-81-60 FIER
There was no significant difference in breaking strength between the

two double pin jaws wrap configurations, P1 and P2. For Type IX braid,

configuration P1 had a slightly higher coefficient of variation although

breaking strength average was almost the same. For Type X braid, P1 had

a lower coefficient of variation and a higher breaking stre:.gth average

by cne standard deviation. Configuration P2 was not used for testing the

Type VIII braid.

In all but two tests using jaws, break point was at the tangent point

of departure of the free length from tht drum face. There was one break

in the free length (Test 11, configuration P1 ) and one break at the point

on the split capstan jaws drum where the first turn crosses under the

second turn.

Total testing time is the sum of specimen preparation time, time for

wrapping or connecting specimen to Instron, time from zero load to rupture,

and time to disconnect or unwrap the ruptured sample from the machine. A

representative total testing time for double pin jaws in both configurations

is 12 minutes, over twice the representative total testing time of 5 minutes

for split capstan jaws. Both jaws have about the same time from zero load

to rupture but the wrapping procedure for double pin jaws is much more

tedious and time consuming.

3. EYE SPLICED CONFIGURATIONS

Seven different tapers (including configuration A which is actually

untapered) were experimented with. To produce a sample that would break

in the free length rather than at the end of the insertion was the

motivation for the wide variety of tapers (configurations). This variety

reflects an effort to minimize the inherent discontinuity at the end of the

insertion thereby increasing the chance of a free-length break.

For all eye-spliced configurations except A, breaking strength

averages ran about the same. Configuration C produced the highest average
breaking strengths for all three braids but these values fell within one

16
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AFWAL-TM-81-60 FIER
standard devidticn of most of the other tapers. Coefficients of variation

were effected greatly by single high or low values as were averages since

populations often consisted of only three samples. Configuration F

resulted in inconsistent data because the insertion length was

uncontrolled and in 3 of 12 tests the splices pulled out. The same taper

was used for G but the insertion length was controlled to six inches and

data became much more consistent.

Of 138 tests using eye splices for sample termination, there were 31

free length breaks, 3 tests where the splice pulled out, and 104 breaks

at the end of the insertions. Configurations C, F, and G produced a
higher percentage of free length breaks although average breaking strengths
were not significantly higher. The average breaking strength of all the

samples for each type that broke in the free length wa, virtually the same

as the -iverage breaking strengths for conflgurations C, F, and G.

A representative total testing time for configuration C is 15 minutes

whil. the representative time for configuration G is, half that at 7½
nminuzes. Most of this time is taken for sample preparation since it takes

only 212 minutes to connect an eye spliced sample to the Instron, rupture.
it, and disconnect it. Total testing time for A and F is about 7 minutes

while total testing time 'or 8, D, and E is about 14ý minutes.

4. SPLIT CAPS" JAWS VS CONFIGLUTION C

For Type VIII and X braid, conillgvtratiun G load averages were slightly

higher than split-capstan jaws (cofifuration S) breaking strength averages.

differences were a little more then ont standard Oeviation. For Type IX

braid, these averages were about the same. Coefficients of variation were
slightly less for split capstan jaws thMn for configuration G.

There were no free length breaks for the samples terminated with split

capstan jaws while 7 out of 39 of the tests using configuration G eye splices

resulted in free length breaks,

17
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AFWAL-TM-81-60 FIER TABLE 3

PERCENT ELONGATION OF THE FREE AND TOTAL LENGTHS OF EYE SPLICED

TEST SAMPLES AT A 3000 LB LOAD.

Percent Elongation

Test Free Length Total Length

96 4.1 4.7

97 3.9 4.7

98 4.3 4.8

Total testing time for split-capstan jaws was about 5 minutes as

opposed to approximately 7½ minutes for eye-splice G.

For a split capstan jaws test 96 inches of braid was needed while

54 inches was needed to produce an eye-spliced sample of configuration G.

5. ELONGATION

From the data in Table 0-3 load vs elongation plots were drawn to the

same scale of and compared to the Instron plots. It was found that the

strain in the free length of eye-spliced samples was approximately equal

to the strain in the entire sample when length of entire sample is defined

as distance between the centers of the pins when the sample is taut but

unstraivaed (See Table 3).

6. LOAD ONSET RATE

The slooe of the load vs time curve at any point on that curve is the

load onset rate at that point. Slope can be determined graphically or byt
curve fitting an equation to the data and differentiating it with respect to

timt. The latter was chosen and a second-order polynomial was fit using the

method of least squares approximation (Appendix A)s The resulting equation
SfWt the ddta Closely as the slopes of the actual and fitted curves were

virtually the same at all points so that diff'erentiation of the polynomial

' ~yielded accurate load onset rates. these were plotted against load as seen

in Firvte? 1.
18
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TEST 75 m

a-

119

163

IU

FJ
I



AFWAL-TR-81-3138

AFWAL-TM-81-60 FIER
7. SUSPENSION LINES FROM PREVIOUSLY TESTED PARACHUTES

All the samples taken from the suspension lines were tested with tapered
insertion eye-splice configuration G so that all comparisons are with braid

tested in configuration G. From each of the " parachutes 9 samples were

taken for a total of 27 tests; data is listed in Tables 4, B-2a, and

B-2b. Samples of Type X braid taken from parachute A had an average

breaking strength of 3931 lbs which is over 4½ standard deviations and

18 peýrcent lower than 4821 lbs, the average breaking strength of the Type X

braid taken, unused, from the spool. Type IX braid, taken from test

parachute B had an average breaking strength of 2641 lbs which is 12 2/3

percent and over 3½ standard deviations higher than the same type braid

taken from the spool. Type VIII braid taken from parachute C had about

the same breaking strength as the same bro id taken from the spool.

TABLE 4

SUMMARY OF PARACHUTE SUSPENSION LINE TEST DATA

Average Line Standard Coefficient
Parachute Breaking Strength (lbs) Deviation (Ibs) of Variation

A 3931 198 5.02%

a 2641 36 1.37%

C 1719 39 2.24%
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AFWAL-TM-81-60 FIER SECTION V

CONCLUSIONS

Split capstan jaws are superior to double-pin jaws for testing Kevlar-29

careless braided cords. In all cases, the average breaking strength of samples

pulled on the split capstan jaws were higher by three standard deviations

than those pulled on the double-pin jaws. Tests took less than half as

long and there was less data scatter for the split capstan jaws.

It was found that the strain of the entire eye-spliced sample was

about equal to the strain in the free length. This is significant In that

strain data can be taken directly from the Instron rather than from the

tedious method of measuring, at various loads, the distances between two

ink marks on the free length.

Of the seven eye-spliced configurations, configuration G produces a

relatively high frequency of free length breaks and, next to A and F is the
easiest and fastest to splice. For these reasons, it was chosen for data

bWe testing for the parachute suspension lines.

There is no clear "better configuration" between the split-capstan

jaws and eye splice configuration G. Breaking strength averages are about

the same as are the coefficients of viriation. Configuration G has a

longer total test time but uses less maZerial so that almost twice as many

tests can be done on a given length of material.

Based on the 27 tests of cord samples taken from suspension lines

of the 3 previously tested parachutes, nz conCiu5ionn can bt drawn

concerning the effect of parachute opening loads on strength degradation

of these lines since no significant trends were iodicated by the test data.

165
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AFWAL-TM-81-60 FIER APPENDIX A

CURVE FITTING ELONGATION DATA

All curve fitting was accomplished using a least squares approximation

algorithm programmed into an HP-97 calculator. This algorithm yields the

three coefficients for a second-order polynomial.

EXAMPLE

For test 75, the equation produced from the least squares approximation
is

P 36.17t 2 + 76.98t + 146.57

where P is load in pounds and t is time in munutes. Values of load obtained

from the above expression are compared in Table A-1 to the actual load data

obtained from the Instron plot. Differentiation of this polynomial gives

P' a 72.34t + 76.98

where P' is load onset rate in pounds per minute.

TABLE A-I

COMPARISON OF CURVE FIT TO ACTUAL LOAD DATA
Time t Actual Load P Percent

(sec) Loads (lbs) (Ibs) Error

0.0 100 147 47.0

1.0 240 260 8.3

2.0 450 445 1.1

3.0 830 703 !5.3

4.0 1010 1033 3.5

5.0 1460 14.•6 1.6

6.0 1800 1910 6.1

7.0 2430 2458 1.1

8.0 3030 3077 1.6

9.0 3760 3769 0.2

10.0 4600 4533 1.5
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AFWAL-TM-81-60 FIER APPENDIX B

DATA

TABLE B-la. TEST DATA FOR TYPE VIII KEVLAR BRAIDED CORD

TERMINATION BREAKING
TEST CONFIGURATION STRENGTH (Ibs) BREAK POINT AND COMMENTS

10 150o T; much "knt slippage-no stop knot
IP 1620 M
12 1 1510 T
13 1500 T

129 1700 T
130 S 1660 T
13! 1720 T
132 1710 T
-T 1o56 I

2 A 1630 I
3 1650 1

1790 I
21 B 1780 I
22 1850 I
23 184 I
24 C 1820 I
25 1860 I

'~ -1 i700I

39 D 1810 I
40 1670 1

42 E 1800 I
43 1818 M

-44 ---- 1 0e -puilTedou7.
45 1560 Splice pulled out
46 1770 1
47 1880 m

48 1810 1
49 18m0 M

85 1800 1
86 1730 t
87 160 0
81760 I
39 1710 1
90 1730 N
91 1770 1
9z 1680 i
93 1710 1
94 1800 1
95 1800 1

S..... . ":'23
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AFWAL-TM-81-60 FIER TABLE 5-Ib

TEST DATA FOR TYPE IX KEVLAR BRAIDED CORD

TERMINATION BREAKING
TEST CONFIGURATION STRENGTH (Ibs) BREAK POINT AND COMMENTS

-41�'90 T
15 Pi 2000 T
16 2150 T

200 T
124 2070 T; one yarn intact
125 P2  2150 T
126 2170 T
127 2060 Ti- -21•

134 2450 T
135 S 2250 T
136 2410 T
137 2360 T

-4 3Td m
5 A 2360 1
6 2300 (

26280
27 B 2500 I
28 2120 1; failed ona carrier at a time
"29 24N50
30 C 2360 1
31 2470 m

51 F 2360 M
52 2420 M

100 2290 1101 2320 1

102 2380 N
103 2360 I
104 2340 i
105 2270 M
106 Z500 M
107 2460 1
108 Z30C I
109 Z260 1
110 24,O 1

1168
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AFWAL-TM-81-60 FIER TABLE B-Ic

TEST DATA FOR TYPE X KEVLAR BRAIDED CORD

TERMINATION BREAKING
TEST CONrIGURATION STRNGTH ibjs) BREAK POINT AND COMMENTS

17T T
18 Pl 4200 T
19 4000 T

178 3780 T
179 P2  4050 T
180 4120 T
F3 8 467
139 4330 T; one yarn intact
140 4520 T
141 S 4720 T
142 4670 T; one yarn intact
181 4700
182 4510 Failed at Crossover point
183 4710 T
-- '7- - * -- 4 9% 70... , .

8 A 4280 1
9 4530 M

32 4950 M
33 4850 M
34 4930 M
59 4290 I; one carrier failed first
60 5080 M
61 4610 1; one carrier falie4 first
62 4020 1
63 4300 I
64 5000 M
65 5080 I
66 4610 I
61 4770 1
68 4320 I; one carrier failed first
69 4820 1
70 5000 1

96 4310 1
97 48W0 M
98 4900 M

71 B 3700 1; 3 w&rrieri intact
73 0.2 i.Imin 4650 I
74 44?0 1
75 4650 H; one carrier intact
76 4130 1

, 7d 4600 1
79 a; croied 4150 s5
80 Z.5 ,il in 4610 N
81 450 I
"82 4740 1
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AFWAL-TM-81-60 FIER TABLE B-ic

TEST DATA FOR TYPE X KEVLAR BRAIDED CORD (Continued)

TERMINATION BREAKING
TEST CONFIGURATION STRENGTH lbsL BREAK POINT ANJ COMMENTS

35 5190--- -- M
36 C 4920 I
37 4790 M
3 47730

54 F 4050 Splice pulled out
55 4920 1

491 I
57 5270 1
58 4730 I

111 4840 M
112 5000 I
113 4910 I
114 G 4600 1
115 4,300 M
116 4820 M
117 4910 I
118 4950 I
119 4530 I
120 4820 I
121 4610 I; one carrier failed Ist
122 4610 I

i 170
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Samples taken from previously tested parachutes were designated with a

four digit label to indicate which parachute, suspension line, and section

of the line the sample was taken from. The first digit of the label is

a letter identifying which parachute the sample is taken (see Table B-2a).

The next two digits are the number of the gore the line was attached to.

The last digit is a letter identifying which section or third of the suspen-

sion line the sample was taken from; S, M, and R for sections closest to the

skirt, middle and riser, respectively.

.xample: BO9R labels a sample taken from section closest to the riser

of the suspension line connected to the ninth gore of parachute B.

TABLE B-2a

PARACHUTE DATA

Parachute IdenLification Suspension Line Peak
Designation Number Braid Type Loads (Obs)

A 308-03 S/N 002 X 29,964
S25,460
2.0,421

S308-04 S/N 001 IX 25,209
22,911 (a i I d)

C 13-11126-2 Sill OM VIll First Test

%ýe~afd Test

12.909

III
[i I

-mm m m
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AFWAL-TM-81-60 FIER TABLE B-2b

TEST DATA FOR PARACHUTE SUSPENSION LINES

Breaking
Test Sample Strenqth Break Pt and Comments

151 AOIS 3920 M
1 52 AO5R 3950 M
153 AO9R 3830 I
154 A13R 4050 I
155 A17R 3900 4
156 AI7M 4260 1
157 AI7S 3600 I
158 A21R 4120 M
159 A25R 3750 M

160 BOIR 2630 I; one yarn intact
161 BOSR 2660 M
162 BO9R 2650 1
1B3 094M 2640 M
164 0O9S 2610 I
165 B13R 2650 I
166 O17R 2610 I
167 B21R 2600 M
168 B2SR 2720 M

169 COlS 1750 1
170 C05S 1670 1
171 C09S 1680 1
172 C09M 1780 4
173 C09R 1740 l
174 C13S 1720 1
175 CI7S 1610 4
176 CII S 1720 1
177 C%5S 1740 1

NOTE: All? %4plos were eye-spliced u~in9 cnfil~uratin Gj crositedd speed

I 7jo
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AFWAL-Th-81-6O FIER TABLE 0-3

FREE LENGTH ELONGATION DATA

Distance Between
Load Two Marks on Elongation Percent

Test (lb) Freee Length (in.) (in.) Elongation

450 12.69 0.00 0.00
1000 12.75 0.06 0.47
1800 12.88 0.19 1.50
2100 12.94 0.25 1.972500 13.00 0.31 2.44
3000 13.06 0.37 2.92
3500 13.13 0.44 3.47
4000 13.19 0.50 3.94

500 12.84 0.00 0.00
1000 12.94 0.10 0.78
1500 13.03 0.19 1.48
2000 13.15 0.31 2.412500 13.21 0.37 2.88
3100 13.28 0.44 3.43
3500 13.31 0.47 3.66
4000 13.33 0.49 3.82

3C0 12.40 0.00 0.00
1000 12.56 0.16 1.29

78 2000 12.78 0.38 3.06
3500 12.89 0.49 3,95

100 11.60 0.00 0.00
500 11.70 0.10 0.86

79 1500 11.90 0.30 ?.59
2000 11.95 M.S3 3.02
3000 12.05 0.45 3.83

o00 12.05 0.00 0.00
o00 12.56 0.06 0.48

5100 12.70 0.20 1.60
2000 1Z.85 0.35 Z.0
,000 12.97 0.47 3.76

Ii
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AFWAL-TM-81-60 FIER TABLE 8-3

FREE LENGTH ELONGATION DATA (CONTINUED)

Distance Between
Load Two Marks on Elongation Percent

Test (Ib) Free Length (in.) (in.) Elongation

500 12.10 0.00 0.00
1000 12.15 0.05 0.41
1503 12.22 0.12 0.99

83 2000 12.30 0.20 1.65
2500 12.31 0.21 1.74
3000 12.40 0.30 2.48
3500 12.48 0.38 3.14

50 15.82 0.00 0.00
500 16.04 0.22 1.39

1000 16.15 0.33 2.09
96 1500 16.24 0.42 2.65

2000 16.35 0.53 3.35
2500 16.40 0.58 3.67
3000 16.46 0.64 4.05

50 16.00 0.00 0.00
500 16.16 0.16 1.00

1000 16.28 0.28 1.75
97 1500 16.38 0.38 2.38

2000 16.48 0.48 3.00
2500 16.56 0.56 3.50
3000 16.62 0.62 3.88

50 16.00 0.00 0.00
500 16.10 0.10 0.63

1000 16.32 0.32 2.00
98 1500 16.45 0.45 2.81

2000 16.54 0.54 3.38
2500 16.62 0.62 3.883000 16.68 0.68 4.25

30
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AFWAL-TM-81-60 FIER APPENDIX C

TENSILE TESTING OF KEVLAR-29 CORELESS BRAIDED CORD BY ALBANY INTERNATIONAL, INC.

During 1978 and 1979 Albany International in Dedham, MA was involved

in an effort to determine the effects of abrasion on Kevlar-29 coreless

braided cord. In the course of this effort they performed 41 tensile
tests from 7 different lots of materials to establish a data base.

Type IX braid wrapped on double pin jaws (in configuration P2 ) was used for

all of the 41 tests. Their data summary is as follows.

Average Breaking Strength 2233 lbs

Standard Deviation 102 lbs

Coefficient of Variation 5.8%

All but four test specimens ruptured clean at the tengent point of
departure of the free length from the primary pin. Three broke clean at

an upper tangent while a single yarn remained intact during one test;

there were no free length breaks.

(NOTE: THIS IS THE LAST PAGE OF AFWAL-TR-81-60 (FIER)
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APPENDIX D

SAMPLE KEVLAR-29 RIBBON PARACHUTE DESIGN

1. REQUIREMENT

A 15.3 ft nominal diameter, 20 degree conical, continuous ribbon

* •parachute was chosen as a component of a Mid Air Recovery System (MARS)

for remotely piloted vehicles (RPV). Kevlar-29 materials are preferred

since volume is limited and high strength is required for a broad deploy-

ment envelope. RPV structural limitations dictate that the drag parachute

attach point load not exceed 16,800 lbs. Deployment dynamic pressure

ranges from 26 to 430 psf and the results of trajectory computations

indicated the necessity for a dual reefing system for decelerating a

4,500 lb vehicle to conditions producing a dynamic pressure of 50 psi.

above a specified altitude.

2. PARACHUTE CANOPY GEOMETRY

Number of gores: N = 28g

Nominal diameter: D= 15.3 ft

The conical surface area is equal to the nonimal area by definition:

Y 2S 0 -/4 D 0 = 183.85 sq ft

From Figure Dl:
L2

Conical surface area, S 0 L0 COS (20) 183.85 sq fto o

Solving for Lo, the slant height of a 20 degree cone:

L° 3 94.7 in.

Also from Figure 01, the circumference at the base of the cone which

is also the parachute skirt is:

Skirt circumference 2 f L COS (20)0

176
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From Figure D2, the flat layout of the 20 degree conical surface,

Skirt circumference = L (0), (o in radians)

Equating the expressions for skirt circumference and solving for e

yields:

0 = 5.904 radians

or

o = 338.3 degrees

Selecting a 1 percent vent (based on So), dictates a vent slant
0

height:

L .1 (L) =9.47 in (see Figure D3.)
v0

3. GORE GEOMETRY

Gore angle B = 338.3/28
Ng

a = 12.08 degrees

Gore area = (So/N ) 144

= (183.85/28) 144

= 945.53 sq in.

Length of bottom edge of skirt ribbon eg is:

e= L (B/57.3)

e, = 94.7 (12.08)/57.3

= 19.97 in.

Similarly, the top edge of the vent ribbon ev is:

Sa L (a)/57.3 a 2.0 in.
V

e, the width of slots between ribbons can be calculated from:

(L0- Lv- (BHR)M)/(M-I)

17
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Figure D3. Continusous Ribbon 04echute Gore Arrangement
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For integer values of M, the number of horizontal ribbons, and BHR,

the width in inches of the horizontal ribbons.

4. GEOMETRIC POROSITY

Geometric porosity, defined as the ratio of open canopy area to the
total canopy area, can be calculated by finding the sum of the exposed
component area in a single gore, subtracting this from the gore area and

then dividing by the gore area. The ratio is usually converted to a

percentage of the total area.

For horizontal and radial ribbons 2-inches wide, vertical tapes one-
half inch wide, ient lines .563 inches wide, 5 vertical tapes per gore as

in Figure D3, and 33 horizontal ribbons, the exposed component area in

sq in. is as follows:

Radial Ribbon Area 2(L -L
0 V

= 2(94.7-9.74) 170.46

For calculating the exposed horizontal ribbon area, the average length

for all ribbons measured along the center of the ribbon is considered.

Length of the skirt ribbon

[(L -1)2o57.31 -2 * 17.750

Length of the vent ribbon

=(Lv+1)2c/57.3] -2 .21

Average horizontal ribbon length per gore is then:

(17.75 + .21)12 - 8.98

And the total exposed horizontal ribbon area per gore is:

33(8.98) 592.72

S~180
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Using the relationship in paragraph 3 above, the width of spaces

between ribbons becomes: =.601 in.

For 33 horizontal ribbons 2 in. wide

Referring to the relationships of Figure D4, and using 3.0 in.

spacing between vertical tapes, the values for slot area covered are:

TAPE RADIAL DISTANCE (IN) SLOTS n SLOT AREA COVERED (IN2)

Center 85.2 32 9.62

1 56.7 21X2 12.64

2 28.2 1OX2 6.05

TOTAL AREA 28.31

In order to obtain the exposed surface of vent lines, the entire

vent is considered and this area then divided by N to obtain this area
g

for one gore. Figure D5 shows the geometry of the vent and includes

general equations.

For vent lines .563 inches wide (BVL 9/16 in), Lv 9.47 iv, and

a 12.08 deg., the equations on Figure 05 produce:

"" .563Rc 2. 68 in.
2

2Total vent line area 1,/4(2.68) + .563 (9.47-2.68)28
112.73 sq. in.

For one gore:

Vent line area 112.3 4.03 sq in.
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Figure D4. One-Half Gore - Continuous Ribbon Parachute
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Figire D5. Basis for Uc~1ulation of Exposed Vent Line Aic4
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Summing comcri,&nt exposed area for one gore:

Radial Rbt- " 170.46
Szi .inal Ribbons 592.72
VPr'ic !s... 28.31
Vent Lines 4.03

795.52 sq. in.

Geometric porosity is then:

rotal gore irea - exposed component area
g Total gore area

945.53 - 194.05 _ 16 or 16%
945.53 740

5. SELECTION OF COMPONENT" MATERIALS

A safety factor, S 1.8 is selected for all component! :onsideringF
the parachute application which is a single use (one deployinen;) item.

Referring to page 414 of Reference 1 the miaterial degradation factors

are chosen as follows:

Cateroiy Value

Joint efficiency .80

Abrasion 1.00

Moisture 1.00

Temperature 1,00

Vacuum 1 .00
Co~we rgence ,e99

Fatique .80 Dual reefing involves
extemiive gluttering in
lower portions of canopy

Degr4dation factor product A S,07

Uiinq Table 18. the v4lue for A .nd the ajitium la~d (Fo 16.40
pounds). the n4terial selectioný of Table Dl can be mu*le.

184



AFWAL-TR-81-3138

TABLE 0l

COMPONENT MATERIALS SELECTION FOR
SAMPLE KEVLAR-29 RIBBON PARACHUTE DESIGN

SF
1. 16,80 A~q0

F1080 pN 28

omilnal S lected Material
trength Nonimal

Requirement Width Strength Material
Component -"ounds) (Inches) (Pounds) Description

Coreless Cord
Suspension Lines 2130 N/A 2000 Type TX

Horizontail "ibbon Ribbon (Tape)

Crown (Top 12) 1080 2 1000 Type XI. C1as% 9b

Ribbon (Tape)
Bottom 864 2 800 Type XI, Class 7

Radial Ribbons Ribbon (Tape)
each of 2 plies 1188 2 1ING Type XI. Class 9a

Webbing
Skirt Band 2916 1 3/4 3000 Type X., Clais 4

Webbinq
Vent Band 5?92 1 6000 Type Vt. Claii 9

-- Vent 'ines 2130 9/16 MCI0 Tubular Web. Type III

Vettical Tapes (2 2S0 Tope Type 1. Cla•s I

fteit.Slcinfo 41L4 3&4
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APPENDIX E

DEVELOPMENT OF KEVLAR-29 HORIZONTAL RIBBON SPLICES

I. INTRODUCTION AND SU'MMARY

The motivation for all joint trails was to develop combinations of

thread size, stitch pattern, anti-fray coating and overlap which would
produce a joint tensile breaking strength higher than 85 percent of the

horizontal ribbon material. Joint configurations used in actual test
item fabrication are identified in the tables by entries in the "used

in test item" columns.

The rare oc.:urrence of ribbon splice failures during parachute testing
suggests that the requirement for 85 percent efficiency in those joints

may be conservative.

All horizontal ribbon materials were woven from the minimum size

Kevlar-29 yarn available, 200 denier. This lower limit on available yarn

size and the associated loose or "sleazy" weaving in lower strength

ribbons is the root of the major problems inhibiting the design and

accomplishment of good joints in Kevlar-29 ribbon parachutes. Observation

of the trials listed in Tables El through E7 indicates that joint

efficiency is more and more difficult to achieve as the nominal strength
of ribbons decreases. It is also seen that failure modes for the lower

strength ribbons is predominately related to raking. Variation of lap

stitching patterns in the 400 and 600 lb ribbons is less effective than
applying the "sergene" coating which stabilizes the ribbon weave in

joints. Conversely, 85 percent joints in the 800 and 1,000 lb ribbons is

relatively easy to obtain.

2. DESCRIPTION OF HORIZONTAL RIBBON SPLICE TENSILE TESTING SAMPLES

Splices in horizontal ribbons are formed by overlapping the ribbon

ends (usually by 4 1/4 inches) and sewing these ends together with "lap

stitching." These splice joints are completed by sewing the lapped ribbon

ends between two plies of radial ribbon material using radial plying

stitching. Figure El shows a typical horizontal ribbon splice test sample.
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3. SPLICE SAMPLE TENSILE TESTING

Joint samples were loaded in a single direction by attaching one of

the horizontal ribbon end& to a stationary beam of a tensile testing

machine and the other and to a moving beam or crosshead. Steady motion

of the testing machine crosshead separating from the stationary beam

applies load to the joint until the joint fails. Jaw configurations

used to attach the ribbon ends to testing machines are shown in

Figure E2. The tensile testing jaw in Figure E2b is preferred, but had

not yet been developed at the time of much of the splice sample testing.

Reference 12 contains the background development and techniques for

using this apparatus. Testing apparatus and the crosshead speeds used to

obtain the joint breaking strength were also used to obtain the breaking

strength for the horizontal ribbon materials which was used to calculate

joint efficiency.

4. TENSILE TESTING RESULTS

During trials to achieve 85 percent efficiency, lapping configurations,

stitching patterns, thread size, needle size, and anti-fray treatment

application area were varied. Tables El through E7 and Figures E3

through E33 describe horizontal ribbon splice test samples, the materials

used tu fabricate these samples, stitching used, anti-fray application,

testing apparatus and technique, and tensile testing results.

In order to read the ribbon splice tables, the following coding

information is necessary:

a. Material Strength

Nominal strengths of ribbon materials listed in Tables El through

E7 are often associated with various values for actual strength. Ribbons

of the same nominal strength often are of different construction, because

they were woven using different yarns, or because the actual strengths

may reflect different tensile testing apparatus or technique. The actual

strength oalues for materlals were obtained usiog the idwe test conditions

and 4plratus used to test the joints and to deteraife joint efficiency.
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b. Warp and Fill Yarn Count

Yarn count for materials can be used to identify specification

materials in Table 2 (MIL-T-87130) listings. Yarn count for non-

specification materials can be used as an indicator of similarity to

specification materials.

c. Lap Stitching

Table codes for lap stitching are made up of six characters

separated into three fields as follows:

XXXXX XX-XX X

designates stitchingll stitch thread needle

pattern (Ref Figures) spacing size size

stitches when known

per inch

d. Radial Stitching

Similar characters are used to indicate needle and thread size

used in the eight straight rows of radial stitching. Radial stitching

other than seven to nine stitches per inch will be noted. Radial

stitching was accomplished by two passes of a four needle sewing machine.

e. Anti-Fray Treatment

Prior to ribbon splice stitching, the cut ends of horizontal

ribbons were usually coated by brushing or dipping with a coating sold

commercially as "sergene." This material was applied as a liquid and

allowed to cure until dry to the touch before stitching. Tables El

through E7 indicate the "sergene" treatment by the coated length

(measured in inches from the cut end) of the horizontal ribbon.

In a few noted cases additional anti-fray solution was applied as

an intermediate step (after the lap stitching but before radial stitching)
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or as a final step applied to the area of radial and horizontal ribbon
intersection. Refer to lap stitch patterns 5P5, 5P6, and 5P7 (Tables E2

through E7).

f. Test Apparatus

Apparatus used to attach the horizontal ribbon sample ends to the

testing machine are referred to as jaws. Two types of jaws were used in
testing horizontal ribbon samples as shown in Figure E2. The jaw coded

as "EDP" (equal diameter pins) in Figure E2a is a forerunner of a jaw

configuration developed in the effort reported in Reference 12 and
represented here with the code "UDPR (unequal diameter pins). Figure EZ2b
shows the jaw coded "UDP."

Two types of tensile testing machines were used, Dillon Model L.

S/N2606 (coded "0" in Tables) or an Instron Model TT-C (Coded "I" in

Tables). Crosshead speeds were four and one inches per minute for the
Dillon and Instron machines respectively.

g. Joint Sample Tensile Results

Ave-rage tensile strengths for joint samples are based on small

numbers of tests (typically three). The standard deviation valties in the
tables Aere calculated as follows:

STD DV Z(BS)
n

Wnere BS is joint sample breaking strength and m is number of tests. The
resulting standard deviation values are not statistically meaningful as

the data population is very small. Standard dcviation values are included

in Tables El through E? to indieate scatter in tweaking vtrength data.

h. Efficiency

Joint efficiency v ekt th of Joint
Ave Breaking Strength of RMbn Material
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i. Observed Failure Modes

Tensile tests were continued until the force in test samples

7 j decreased or became zero with the crosshead still in motion. Modes of

failure could be put into one of several categories as follows:

Table code "N"-failure of horizontal ribbon warp yarns at the

lap stitching furthest from the center of the ribbon lap.

Table code "T"-failure of seivage edge at one side of the ribbon

at or near the end of lap stitching and subsequent tearing or sequential

failure of remaining ribbon warp yarns.

Table code "R"-raking of fill yarns along warp yarns where lap

stitches could be envisioned as the tines of a rake between which warp

yarns are drawn leaving fill yarns at positions of stitching. This

failure mode may occur in combination with "N" or "T" modes.

Table code "C"-failure of ribbon warp yarns at the edge of anti-

fray coating application. This mode was limited to some of the joints

utilizing coa.ing beyond the lap stitch patterns.

j. 1000 lb Ribbon Trails

Lap stitch patterns based in the five point arrangement (see

Table El and Figures E3 through E10) generally produced high joint

efficiencies with mininal or no anti-fray treatment. The double W

arrangement (Trial 13) was also successful while other lap stitching

patterns usually involving fewer total stitches (and therefore fewer

load tuncentration points. i.e., 3P. 8R, 4P1) were les5 5cces5sful

(Trials 11. 1? and 14).

Application of anti-fray solution is not necesiary with the

1.000 lb ribbon to obtain &S percent effiienc•y, although Trial 5

ift(ieateb that high efficiency is retainie, whe the entiee lappd end
ti treated.
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Using smaller thread (8 instead of E) appears to decrease

efficiency when other variables are constant (Reference Trials 9 and 10

and Trials 18 and 19).

ihe high effi•lency obtained ia trial 3 cannot be saLisfacturily

explained unless some unknown disfunction in the testing machine or

interpretation of breaking strength is involved. The basic strength of

the ribbon used was subsequently confirmed using different apparatus

(see Trial 8).

k. 800 Pound Horizontal Ribbon Trials

Trials 21 through 25 (Table E2) were based on a horizontal ribbon

material of questionable origin. This ribbon was woven early in the

Kevlar-29 materials development efforts and resulted in a very high

translational efficiency for the warp yarns. Each 200 denier yarn had a

nominal strength of 9.7 lbs and obtaining 915 lbs actual strength for

100 yarns woven into a ribbon (94 percent of total unwoven yarn strength)

is unusually high. When the weaver attempted to weave a second quantity

of this same configuration, this strength could not be obtained. Instead,
the material used in Trial 26 resulted which has a high (83 percent of

tot0l yarn strength) translational efficiency but is comparable to other

materials of this type.

Joint efficiencies for the sup-r efficient rabbon were not

obtained without anti-fray treatment over the entire joint area. Normal

ribbon configurations, Trials 20 and 26, were spliced to acceptabit, joint
efflciencles both with and without aoti-fray treatment.

The splices In 800 lb ribbon.% which were used in actual parachute

test items (Trials 20. 25. and 26) did not fall during sled or drop tests.

A simplified lap stitch pattern involving only two transverse
rows of zig zag s,•itching was tried in Trial 24 bijt produced poor ,oint

efficiency.
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1. 600 lb Horizontal Ribbon Material

A variety of lap stitch patterns was tried using the 600 lb

nominal strength specification material (types Xl, Class 5) which had

an actual strenath of 694 lbs. Table E3 lists splice tensile trails

using this material.

TriAl 31 shows the effect of the radial stitching alone which

yielded poor efficiency (34 percent). A variety of attempts to simplify

lap stitching and to vary the load concentration points at the ends of

stitching row, in Trials 27 through 37 were not successful in attaining

the desired 55 percent efficiency. The primary failure mode encountered

during these trials was "raking" or the pulling of warp yarns out of the

joint leaving fill yarns in the stitching. This raking is combined with

failures of some warp yartis usually at the ends of stitching rows.
Figure E12 shows a joint sample which failed in this manner.

The force-deflection plot for the pictured sam.ple (Figure E12)

is typical of raking failures in that a peak is reached, warp yarns slip
while load decreases, then load Increases to a subsequent peak znd more

slippage occurs. The first fore' peak in this type of fNilure was

considered o. the breakinvq strength for the joint, ever, if subsequentt

force peaks. are higher. No Cfalures of this type were encountered
m I during sled or drop tests of parachute test items.

Tri41s 34. 38T amd 40 utilized additional %ergene anti-fray

application subseqsjeeI to stitching. The Soints tested in Trials 34j

-and 1 were fonnet by applying one-hilf inch af an:-fray solution to 0

onds of tho ribbons, MLen peeforfi.ml th, lap stitcKhing. Additional

serqer.M wai b4rushed OA the area of the lip to te covered bym t Q..

wmnerial. Tli radiatý were the" Attached using eight rows of stfaight

Ititchif.g. A jorirt efficiency of•86 l$pevflnt %Q attained with thii

CofStruction in Trial 3 which used E thread in lap ttitchinag. tn

Trial 34. were the 5mallevr the•ad w4#. utili~ed in test item ,P-4.

iftcludod ah 44ii Icoat -f 4nti-fray Vsoltiasbsequesit -o ~t~tit9h

the raditus to the spl ice.* I
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An example of a ribbon joint failure where warp yarn breakage was

the primary failure mode (rather than raking) is shown in Figure E20.

Here the force deflection plot shows one major peak where warp yarns

failed within the joint. Subsequent slippace of the warp yarn ends did

not cause secondary major force peaks.

The horizontal ribbon material used in Trial 39 resulted from an

intermediate attempt to recreate the super efficient material of Trials 21

through 25. This material, although inefficient (64 percent) based on

total yarn strt-ngth, produced a good joint efficiency (based on the two

samples tested).

m. 400 lb Horizontal Ribbon Material Trials

The 400 lb ribbon (Type CI, Class 3) is the lowest strength,

two-inch wide Kevlar-29 ribbon and as such is marginal from a weave

stability standpoint. The warp yarn is the minimum size for Kevlar-29

yarns (200 denier). In an effort to prevent fill yarn migrations in the

warp yarn direction during parachute operation, a coating was applied

to the ribbon after weaving. A nylon dispersion commercially available

as Genton 110 (from General Plastics Cornoration of Bloomfield, NJ) was

chosen as a result of efforts reported in Reference 6. The Genton

coating was applied in two concentrations herein discussed as 50 and

100 percent. The Genton added little weight to the ribbon (I and 2 percent

of weight for 50 and 100 percent concentrations respectively). The

Genton coating should not be confused with the "sergene" anti-fray

adhesive coating which was procured from the same source.

Genton coated average ribbon strength was 456 lbs and 438 lbs

for the 50 and 100 percent concentrations respectively.

Several lap stitch patterns tried in Trials 41 through 65 were

unsuccessful in attaining desired joint efficiencies unless ribbon ends

were coated well past the stitching area. The rost successful lap

stitching patterns provided a high number of total stitches, where

stitching direction was primarily across the width of the horizontal

ribbons.

200
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Tensile test failures of 400 lb ribbon joints always involved

raking, and yarn breaks were only observed in the most successful lap

stitching/anti-fray treatment combinations.

Trials 64 and 65 indicate that efficiencies above 85 percent can

be obtained using less lap stitching in the 100 percent Genton coated

material.

An entry in Table E7 describes the ribbon splice used in test

items IH-l (bottom 17 ribbons), IH-2 and IH-3 (bottom 17 only), These

splices were used without the benefit of pull tests. No ribbon splice

failures were observed in these three test items as a result of sled and

drop tests.

Actual failures in test item ribbon splices during drop and sled

tests were seen only in te5t item IH-8 where the splices involved anti-

fray coating beyond the joint stitching And where failures were located

at the edges of the coating. This failure mode was also indicated by

partial ribbon failures of this type in test items IH-7 and IH-9 where

400 lb coated ribbons had also been treated beyond the joint with anti-

fray solution. Failures at the edge of the coating were not evident

in the tensile testing oF sample joints and are thought to have resulted

from the dynamic conditions and loading in directions other than parallel

to the horizontal ribbons,

zo1
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APPENDIX F

COMMENTS AND OBSERVATIONS RELATIVE TO SPECIFIC DESIGN CRITERIA

TEST ITEM I

TEST NO. 141175 D

CONFIGURATION: 32 Gores
1 15/16" Ribbons Spaced .665 in.
No Reefing Cutter Pockets
Nylon Vent Lines I inch shorter than finished vent

di aneter.
Weight 14.6 lbs including riser swivel.

TEST ABNORMALITIES: One gore disreefed at second stage inflation
by failure of reefing cutter attachment.

DAMAGE: One reefing cutter attachment failed.

TEST ITEM IM

TEST NO. 171275 0

CONFIGURATION: Add reefing cutter pockets.
Weight 14.7 lb including riser swivel.

TEST ABNORMALITIES: Deployment hang-up. pilot chute riser failed.

DAMAGE: None

TEST ITEM IN

TEST NO. 310877S

CONFIGURATION: Replaed ?1300 lb nylon vent lines with Keviar liles
of sam• theie-fourth inch width 4ut 3000 lb strength.
New cutter b4ackets and pockets, Replace riser with
one of similar getftry but without 'Mivel.
Weight 13.6 lbs.

TEST ASNORMALMTIS: After 4hievin.g first 5taee inflated shape

-peak force ?4.117 lbs). three gores diireefI- to seeond stage due to failure of reefing rings,
Ping at• tachtefii of, cutter attaIweftti. rii~t

•, •di~retf reiuta in% itc•eond stage reefed ýh~p@
•• for very short tike. {08 sez, peok fofte
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23,620 Ibs) then remaining reefing fails
by pulling away from skirt sequentially
by gore. Canopy fills to full open and
fails (peak force 29,156 lb) as skirt
breaks away from canopy.

DAMAGE: No evidence of horizontal ribbon failure before break up.
All radial ribbons fail near skirt, general failure of
reefing ring and cutter attachments. Elongated rings.
'Vent intact, no vent line failure

TEST ITEM 2

TEST NO. 231275D

CONFIGURATION: 32 gores, Kevlar vent lines
1 15/16 inch ribbon spaced .665 inch cutter pockets
vent lines I inch shorter than finished vent dia.

TEST ABNORMALITIES: None

TEST NO. 080377S

CONFIGURATION: Same as test 231?75D

TEST ABNORMALITIES: None

DA•4AGE: None

TEST ITEM

TEST IO. ZOU177S

CONFIGURATION: As previous two tests (original).

TEST ABNORMALITIES: Swivel in riser failed just after first stage
inflation.

DAMAGE: Minor

TE.T ITEM ?M

TESTNO.?70477SM

CON IF. ItATION: Risr with no %wivel
New reefing system with two rows stitching
(i.stead of Lne) in ring attach tae?..
"High itrength he.4t treated reefinq riogs.

TEST ABNORMALIEI(-: hole% it two joe• in crown. Canopy realins' ~intlate•.

"maw N4

.". -, .-. ..
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DAMAGE: Twelve horizontal ribbon failures as follows:

GORE RIBBON

16 1
3

19 1
26 1, 2, 3. 4, and 6
27 3, 4, 5, and 6

Several partial ribbon breaks all within top six ribbons.
No breaks in ribbon splices.
Ventband pulled off gores 14 through 19 not broken. Gore
holes did not increase in subsequent stage inflations.

TEST ITEM 3

TEST NO. 2704760

CONFIrvURATION: Twenty-four gores with pocket bands; 1 1/32 inch
ribbon width; vent lines, I inch shorter -han
finished vent diameter. Diameter 1500 lb reefing
line. Weight with swivel 12.4 lbs.

TEST ABNORMALITIES: Malfunction of reefing system both lines cut
(or broken) simultaneously.

DAMAGE: Suspension lines failed simultaneously as riser legs at
overloaJ beyond instrumentation capability.
No canepy damage (based on film - parachute not recovered),

TEST ITEM 4

TEST NO. 1608760

CONFIGURATION: Identical to Test Item 3 tbit with 2000 lb reefing
lines.

TEST ABNORMALITIES: Test prematurely aborted by disconnect of
test itef before first disreef.

DAMAGE: Minor - • ribbon breaks near vent (15,097 lbs peak load)
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TEST ITEM 4R

TEST NO. 151076DR

CONFIGURATION: As test 160876 D. Repaired broken ribbons.

TEST ABNORMALITIES: Test prematurely aborted by early disconnect
before first stage inflation.

DAMAGE: None

TEST ITEM 4M

TEST NO. 0912760

CONFIGURATION: Modifications incl,.ling no swivel in riser; replaced
top 5 ribbons wit{b lO Ib tensile strength,
Spliced piece into one suspension line (repair)
Weight 11.75 lbs, no swivel.

TEST ABNORKALITIES: None

DAMAGE: Minor - no ribbon breaks. Scattered incidence of strains.
in radials which caused edge S--4ks but not failures.

TEST ITEM 5

TEST NO. 171176D

CONFIGURATION: MARS 6M 2P, qores. Weiqht 12.0 lbs with swivel.
Vent lines 1 inch shorter tham finished vent
diameter.

TEST ABNORMALITIES: None

.1 TE~ST ITEMt MARSVK I
TEST No. 250770M

Top 10 ribl.bo'w IWO lbt nomifnal strencith.
1otor ,o rAns `O lbs noil sti-ltt.

1')00 It) C'Hd vent .
No re1nforiemint b'W4. 11.42 1l• with ýwivel.

TEST ABWOAAALITTES! Rone
.. ;•_'iI~" ! AMAC,ý: Ribbon} 1t ha~l 7.wrt•i~l- bre-4.-. whert, ve•'ticAl uta,,i

S2Ž41
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TEST ITEM MARS 6

TEST NO. 021277D

CONFIGURATION: MARS 6; 2 inch ribbons.
Replaced ribbon 11 with the material.
Add three-fourth inch 3000 lb reinforcement band
at bottom edge of ribbon 11.
Top 10 ribbons 1000 lb.
Bottom 23 ribbons 800 lb.
This is now "MARS" configuration.

TEST ABNORMALITIES: Forces derived from acceleration data.

DAMAGE: Two ribbon breaks - #12 and #16 one place each, several
scattered partial ribbon breaks.
No damage to ribbon 11.

TEST ITEM MARS 7

TEST NO. 080378D

CONFIGURATION: MARS

TEST ABNORMALITIES: No force or acceleration data.

DAMAGE: Minor - no broken ribbons. Partial broken ribbons and
loosened vertical tape stitching in bottom third of gores.

TEST ITEM MARS 8

TEST NO. 030578D

CONFIGURATION: MARS

TEST ABNORMALITIES: Test Item Lost. No detailed post test
inspection.

DAMAGE: No damage evident from films.

242
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TEST ITEM MARS 9

TEST NO. 041278D

CONFIGURATION: MARS

TEST ABNORMALITIES: None. Some inflation instability in first
"stage, but canopy is always inflated.

DAMAGE: None

TEST ITEM MARS 10

TEST NO. 2605780

CONFIGURATION: MARS

TEST ABNORMALITIES: None

DAMAGE: None

TEST ITEM MARS 10

TEST NO. 180878

CONFIGURATION: MARS

TEST ABNORMALITIES: No tracking data, no onboard film, some in-
flation instability in first stage.

DAMAGE: None

TEST ITEM IH-1

TEST NO. 080377D

CONFIGURATION: Twenty-eight gores; two-inch ribbons; permanently
ree fed.
Overstrength radials, under strenijh horizontal

ribbons. with "sleazy" weaving.
Top 16 ribbons 540 lbs.
Ribbons 17 thru 33. 420 Ibs.

TEST ABNORMALITIES: None

JW4AfE: Yarn slippage in all lower ribbon%. Scattered prtiaI
but Io complete ribbon tensile failures.,
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TEST ITEM IH-2

TEST NO. 150377D

CONFIGURATION: Twenty-eight gores permanent-fourteen reefed.
All ribbons 420 lbs understrength.
Overstrength radials. Two-Inch ribbons.

TEST ABNORMALITIES: None

DAMAGE: Weave distortions.
No tensile failures.
Scattered incidence of partially broken ribbons.

TEST ITEM IH-3

TEST NO. 2701780

CONFIGURATION: Twenty-seven gores; two-inch ribbons; two stage
reefing. High strength reefing rings.
Under strength bottom ribbon.
Top 16 ribbons - 600 lb; Ribbon:; 17 thru 33 -
420 lb.

TEST ABNORMALITIES: None

DAMAGE: No tensile breaks in ribbons. All ribbons 18 through 33
paryJally broken with weave distortion.

TEST ITEM IH-5

I TEST NO. 161177S

CONFIGURATION: Two-inch 1000 lb ribbons throughout; no !iwivel
in riser. Two reinfor-em1ent binds on ribbons 11
and 12 (bottom edges). Vent lines ope-inch
shorter than fitishtd ventt diame'".er.
Deployment hangup 14to pilot space utute. Very17 little tiate between full open and test item cutoff.I

-DAMAGE: None

e

Ig
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TEST NO. 100278S

CONFIGURATION: Same as test 161177S

TEST ABNORMALITIES: None

DAMAGE: Ribbon 3 broken at splice. Ribbon 4 broken same gore.
Scattered partial breaks mostly in ribbons near skirt.

TEST NO. 040878SM

CONFIGURATION: IH-5M
Repaired and replaced ribbons.
Replace suspension lines with 3500 lb cord.
Weight 17.7 lbs, no swivel.

TEST ABNORMALITIES: None

DAMAGE: One radial failure.
Several broken ribbons mostly in lower part of canopy.
Some loose vertical tapes in lower part of canopy.

TEST ITEM IH-6

TEST NO. 300378S

CONFIGURATION: Same as test itemt IH-5.

TEST ABNORMALIIIES: None

DAMAGE: No complete tensile breaks.
Many partial breaks, mostly in lower 12 ribbons.
Some vertical tapes torn loose.

* TE S7 NO. ?23678

CONF'GURATION: IH-6R repaired by replacing damaged lower ribbons,
oiome vertical tape segeuents.

TEST ABNORMALITIFS: Suspeniiot lflnes all fail at riser legs,
Some failures ift crown ribbotiv observed
before lines fail.
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TEST ITEM IH-7

TEST NO. 120978D

CONFIGURATION: Fifty percent Gentor, coated two-inch 400 lb ribbons
throughout - Reinforcement bands on ribbons 11
and 12.

TEST ABNORMALITIES: None

DAMAGE: Yarn slippage throughout entire canopy. No tensile
breaks, some partial breaks in crown and near skirt.

TEST ITEM iH-8

TEST NO. 290878S

CONFIGURATION: Same as I-?, 50 percent Genton coating.

TEST ABNORMALITIES: None

DAMAGE: Three ribbon splices broken in crown ribbons (8, 7 & 6),
ribbon 5 also broken. Severe yarn slippage all over
canopy.

TEST ITEM IH-9

TEST NO. 190978S

CONFIGURATION: Same as IH-7 and IH-8 but with 100 percent Genton

coating.

TEST ABNORMALITIES: None

DAMAGE: No tensile breaks, some partial breaks in crown extensive
yarn slippage throughout canopy.

TEST ITEM WP-l

TEST NO, 1406,195

CONFIGURATION: Geometry as per IH-6 with stronger lines and radials
but same ribbons. Vent lines same length as finished
vent diameter.

TEST ABNORMALITIES: None

V.• DAMAGE: Failure of top ribuon followed by vent band failure at one
aorp which ripped to reinforcement band, broken ribbons
in arijaeent sores.

• | I246
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TEST ITEM WP-2

TEST NO. 190779S

CONFIGURATION: Same as WP-I with more stitching in vent band,
vent lines one-inch shorter than finished vent
diameter.

TEST ABNORMALITIES: Pilot chute riser failed - little time lost
in deployment.

DAMAGE: No. 4 ribbon fails just before vent band broken. This
gore has top 4 ribbons broken. Ribbons 3 thru 6 broken
in another gore, other crown ribbons broken.

TEST ITEM WP-3

TEST NO. 170879S

CONFIGURATION: Twenty-eight gores, Angles between verticals
and horizontal ribbons controlled, Tucks in
vent and crown ribbons vent line length equal
to finished vent diameter.

TEST ABNORMALITIES: Deployment a3 much higher dynamic pressure
than planned (790 instead of 690 psf).
Canopy catastrophically failed before first
disreef.

DAMAGE: Vent band failed before inflation to first stage gore
ripped to reinforcement bands.
Vent lines failed sequentially after some time in fir'st
stage inflated state.
Nearly all ribbons partially broken. Vent line failure
proceeded crown ribbon failure.

TEST ITEM WP-4

TEST NO. 060979S

CONFIGURATION: Same as WP-3 with vent lines one-inch shorter
than finished vent diameter.

TEST ABNORMALITIES: Reefing system failed during first stage.

DAMAGE: Three crown ribbon breaks in top 4 ribbons. Reefing
rings pulled off allowing early disreef and overload.
All suspension lines fail at load in excess of 25933 lbs.

241
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TEST ITEM WP-5

TEST NO. 270979S

CONFIGURATION: Geometrically like WP-l, 2, 3, and 4 with stronger
reefing attachments. Vent lines one-half inch
shorter than finished vent diameter.

TEST ABNORMALITIES: None

DAMAGE: Ribbons of one gore failed down to reinforcement band.
Vent band failed after ribbons in this gore, just after
reaching first state inflated shape. Several vent lines
fail but canopy remained inflated.

TEST ITEM WP-6

TEST NO. 181079S

CONFIGURATION: Same as WP-5 with vent lines the same length as
finished vent diameter.

TEST ABNORMALITIES: None

DAMAGE: Vent band and top 10 ribbons in 2 gores broken prior
to first reefed open. No breaks at ribbon splices.
No vent line breaks.

i?48
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